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The Sperry Combination Land and Sea Plane 
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CREW OF U. S. MARTIN ‘“‘*ROUND THE RIM FLYER’’—Left to right: Colonel Hartz, 
Lieuts. L. A. Smith and E. E. Harmon, Sergeants John Harding, Jr., and Jeremiah Tobias 


Martin Bomber No. 2 has been in constant use for a year at Bolling Field, Washington, 
D. C. With more than 10,400 miles of cross country work already to its credit, this 
plane was started off on an 8,000 mile flight around the rim of the United States, in 
command of Col. R. S. Hartz. The colonel and his crew of four have just completed 
their unparalleled pioneering trip. 


Martin airplanes have demonstrated beyond a question the greatest ton-mile efficiency of 
any aircraft yet produced, and are rapidly proving that the important centres of the 
United States can be connected by aerial transportation with but a few hours’ flying. 


THE FOLLOWING IS A COMPARISON OF A FEW ACTUAL FLIGHTS BY MARTIN BOMBERS 
WITH THE BEST RAILROAD TIME: 








es verae MARTIN RAILROAD 
FROM TO PILOT DISTANCE AIRPLANE TIME TIME 








Cleveland Dayton Eric Springer 215 Miles 1 hour, 50 min. 6 hours 
Washington New York Capt. Francis 225 Miles 2 hours 5 hours, 15 min. 
Cleveland Washington Eric Springer 350 Miles 2 hours, 58 min. 14 hours 
Cleveland New York Eric Springer 450 Miles 3 hours, 20 min. 14 hours 
Dayton New York Capt. Francis 635 Miles 6 hours, 40 min. 18 hours 
Macon Washington Capt. Francis 630 Miles 6 hours, 15 min. 21 hours 



































The superiority of performance which > 
characterizes Martin Airplanes is the The Glenn L. Martin Co. 


result of ten years of experience in 
en.ae . " . Contractors to the U. S. Army, Navy and 
_ building aircraft of a superior quality Post Office Departments 
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The newest Vought Product, Model VE-10 3-Place Flying Boat— 








@ The unrivalled character of the Design and Perform- 
ance, of course, goes without saying. 


CHANCE M. VOUGHT 


@ We invite your attention to the Desirability of Pos- 
WEBSTER AND SEVENTH AVENUES 


session—assuring you of reasonable First Cost and 
negligible Operating Expense. Long Island City, New York 


@ Immediate Delivery. 














Aeroplanes 
VoUGHT 


The Vought VE-7 2-Place Training and Sport Airplane— 























@ VE-7, Maj. R. W. Schroeder, U. S. A. pilot, won the 


New York-Toronto International Airplane Reliability LEWIS & VOUGHT CORP. 
Handicap Contest. 

@ Adopted by U. S. Army Air Service as the Standardized WEBSTER AND SEVENTH AVENUES 
Advanced Training Type. Long Island City, New York 


@ Immediate Delivery for Civil Use. 
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ARMA 


AEROPLANES 


Billancourt, (Seine), France 























The FARMAN three-passenger “ Tourabout”—the first. French pleasure plane to arrive 
in America. Now being demonstrated. 











H. & M. FARMAN planes have been the recognized leaders of the Aircraft Industry 
in France since 1907. 


FARMAN planes have been flown by over 15,000 pilots, over the great capitals of 
America and Europe, in all kinds of weather, in Peace and in War. 


H. & M. FARMAN were First in the Field in the construction of Commercial Aero- 
planes with the Famous FARMAN “ Goliath,” making regular trips between Paris and 


Brussels. 
FARMAN products are built for SAFETY, SERVICE and RELIABILITY, backed 
by the experience and knowledge gained in the manufacture of thousands of aeroplanes. 


For business—Buy a FARMAN For pleasure—Fly a FARMAN 


The “ Goliath ”—14 Passenger (or freighter The “ Limousine ”—6 Passenger (or freighter) 
The “ Tourabout ”—3 Passenger lhe “ Training Plane ”—2 Passenger 


Deliveries at New York, planes assembled, tested, and ready for flight 


Represented in America by 


W. WALLACE KELLETT 
1 WEST 34th ST. NEW YORK CITY 
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Factory New York Office 
Keyport, N. J. Times Bldg. 


In Addition to Military and Sporting Requirements 


THE AEROMARINE PLANE & MOTOR COMPANY 


a complete organization of pre-war origin 


Will Specialize in the Development and Production 
of 
Commercial Airplanes and Motors 
for 


The Transportation of Passengers and Freight 


Our engineering department is at your service for consultation on aerial transportation problems. 
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We design and build propellers of walnut. 


Our mills are located in the choicest wal- 
nut districts in the country, affording an 
unlimited supply of the best timber. 


Walnut is the acknowledged superior 
wood for airplane propellers, government 
tests having shown that it is strong, dur- 
able and able to withstand great shocks. 


HARTZELL WALNUT PROPELLERS 


have proven by their performance that 
they are efficient and lasting. 


Our Engineering Department will gladly 
co-operate with you in designing a propel- 
ler to meet your requirements. 


HARTZELL WALNUT PROPELLER COMPANY 


“ Builders of propellers of proven performance” 
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N OTE the angular contact of ball with race- 
ways. Both radial and thrust loads combine 
and are carried through the axis of each ball. 
Balls are always free to roll with practically no 
friction. No wedging. No cramping. No 
’ binding. 


REEDOM from wedging, cramping and binding of rolling 

elements eliminates excessive wear in New Departure Ball 
Bearings. No matter from what direction loads may come, 
or with what intensity, the Double Row carries them with 
greatest ease. Friction is practically eliminated. 


Bearings which are made adjustable to “take up” for wear 
probably need that allowance. New Departure ball bearings 
will operate for the full life of the machine without wearing 
enough to require adjustment. 


THE NEW DEPARTURE MANUFACTURING COMPANY, 


Bristol, Conn. 474 Detroit, Mich. 
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N a recent paper before the Insurance Society, a well 

known insurance man spoke of the good feeling which 
insurance people had as a whole towards aeronautics, 
and the effort they were prepared to put forth to help 
the industry in its initial stages. They owed it as a 
public duty, so Mr. Cowles thought, to take up aviation 
insurance even if the business were meagre and un- 
profitable. 


Now while we appreciate the kindliness of these re- 
marks and feel sure that the cooperation of insurance 
companies would be a valuable help to the industry, 
we rather resent the patronizing attitude. Give the 
industry just a little more time, and aviation insurance 
will be a large source of profitable income for the in- 
surance men, and a source constantly growing. Instead 
of patronizing the industry, insurance companies would 
do better to study the subject intensively, to give a hand 
in seeing that certain well known precautions in struc- 
ture and piloting were always observed. Their dif- 
ferential action in granting insurance only on certain 
ships, with well qualified pilots, and to entirely repu- 
table operating companies would be extremely helpful 
in keeping the industry on an entirely steady basis. 


British Effort in the Air 

News has just arrived of the successful termination 
of a flight from England to Australia. On a route fol- 
lowing Paris, Lyons, Rome, Naples, Brindisi, Sicily, 
Aboukir, Kantara, Damascus, Baghdad, Basra, Karachi, 
Delhi, Caleutta, Rangoon, Penang, Singapore, Ban- 
doeng, Agambola and Port Darwin, more than half the 
ports of call are British possessions. 

A similar flight might be made from the Cape to 
Cairo. A huge British flying boat might fly from Ire- 
land to Canada, and be on British territory on both 
sides of the ocean. 

There is nothing astonishing therefore that the 
British people as a whole, and the British Government 
in particular, should devote such keen attention to 


aerial work, and devote such large sums to its develop- 


ment. 

As in the ease of the Merchant Marine, the United 
States will have to meet the mighty yet almost uncon- 
scious British effort, with a determined and conscious 
effort. 


Cockpit Design 
It is interesting to see how rapidly the art of cockpit 
design is developing. 
An interesting example is the cockpit of the Sopwith 


‘* Wallaby,’’ designed primarily to attempt the Austra- 
lian flight. 

The _pilot’s and navigator’s cockpit is fitted with 
Triplex side windows and a floor window in front of the 
pilot. Normally the seats allow the crew to sit in the 
usual position with their heads just clear of the cockpit, 
but provision is made by means of which the cockpit 
may be converted into an enclosed cabin, the seats being 


“fitted with clips which allow them both to drop about a 


foot and sliding doors being pulled across the openings. 
Four of the side windows are made to open, and a pipe 
running from the front of the radiator supplies fresh 
air to the crew. Dual control is provided, and the pilot 
has two rudder bars one above the other, for the two 
seat positions. There is a system of pull-out tables for 
charts and slots for instruments. The circular opening 
for the pilot’s head is fitted with an aluminum beading 
which is graduated off into degrees for use with a sex- 
tant. In rear of the passenger are cupboards for food. 

It would seem quite possible even in a small single- 
engined machine to design a cockpit providing every 
facility for piloting and navigation, which is thoroughly 
somfortable and livable. 


Parachutes 

E. R. Calthrop, the well known designer of parachutes, 
suggests that the worst enemy of the parachute is the 
presence of projections in rear of the cockpits on which 
the parachute may run foul. The parachute, however 
well designed, is always a delicate affair, and even a 
small rent may cause disaster. If the tail skid in par- 
ticular presented a smooth unbroken outline, there would 
be much less chance of accidents. Mr. Calthrop suggests 
very forcibly that in the design of military machines 
definite specifications be laid down to remove projections 
in rear of cockpit, and his suggestion is worth consider- 
ation, particularly in view of the authority that his 
experience warrants. 


Water Resistant Plywood Glues 

In a recent issue of AVIATION, a description is given 
of tests for waterproof glues developed by the Forest 
Products Laboratory. 

To read of the rigid tests now imposed, and success- 
fully met, is most reassuring to the airplane construc- 
tion. The Forest Produets Laboratory considers 8 hour 
boiling and ten day soaking tests as quite reasonable, 
with the boiling tests producing more severe damage. 

Such tests, it is safe to say, are much more severe 
than anything that glucs will have to withstand in cur- 
rent practice. They indicate tremendous progress since . 
the early days of glue manufacture. 
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Explanation of Peculiarities Observed in Flying 
in the Wind 


By J. G. Coffin 


Assistant Director of Research, Curtiss Engineering Corporation 


Considerable misconception exists in regard to the effect of 
wind on machines which float or fly in the air. 

The misconception arises principally in not distinguishing 
between the speed of the machine in the air as compared to 
the speed of the machine relatively to the ground, and in not 
having a full realization of the fact that forees are only pro- 
duced by changes in velocity and not by velocity itself. 

A steady wind is detrimental only in so far as it reduces 
the ground speed when going against it, but it is also of ad- 
vantage when going with it and as a matter of fact it is of 
benefit as far as getting off and landing is concerned with 
heavier than air machines as it reduces by the additional wind 
speed (at the ground) the getting off and landing speeds. 

The getting off and landing ground speed of a plane would 
be zero if it headed into a wind equal in speed to the slow 
speed of the plane, thus avoiding the strains on the landing 
gear due to high relative ground speed. 

An airplane flies relatively to the wind, whatever the wind 
velocity may be. This statement becomes evident when it is 
remembered that the necessary lift required for flight can only 
be obtained by a definite relative speed between the plane and 
the air for any given angle of incidence. 

The atmosphere is carried around by the earth at a speed 
which amounts to about 750 miles per hour in this latitude. 
To all intents and purposes this is a wind of frightful velocity 
and yet no one considers it one because we are all moving with 
it and hence are at rest relatively to it. 

What is ordinarily called a wind is a relative motion be- 
tween the earth and the atmosphere above it. It is felt as a 
wind because everything, excepting free objects in th air, can- 
not move with it. 
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An airplane or balloon as long as it is in contact with the 
ground is buffeted by the wind, but very soon after it loses 
contact with the ground it partakes of the general wind motion. 
Were it not that the pilot can see his drift relatively to the 
ground, he would not and could not be aware of any wind ex- 
cepting that produced by his own motion through the air neces- 
sary, in the case of the airplane, for sustentation. In the case 
of a balloon, it is always floating in calm air. These remarks 
refer to a uniform and steady wind only. 

When the wind is unsteady or gusty entirely different 
phenomena arise. Changes in wind speed, especially abrupt 
ones, are not only distinctly felt but often produce dangerous 
disturbances. Changes in wind speed are, however, felt only 
while the change is taking place and no longer, although their 
effects may last for a longer period. The speed of the wind 
before and after the change is of absolutely no consequence, 
the magnitude of the disturbance depending on the rate of 
change of wind speed and the duration of this rate of change. 

The course of an airplane relatively to the ground can always 
be obtained by the vectorial addition of the velocity relatively 
to the air and of the velocity of the air relatively to the ground. 
In a steady horizontal wind, as far as the plane is concerned, 
there should be and can be no reason for any peculiarity in 
its control. 

As an apparent exception to this statement it is well to men- 
tion that if a pilot judges his air speed by his view of the 
ground, when flying in a wind, he will be misled and since he 


may not know the wind speed he may commit serious errors 
of control especially on landing and in maneuvering. This is, 
however, purely psychological and is not pertinent to the sub- 
ject of this paper. 

Now, apart from any such explanation, since it is positively 
asserted that peculiarities of control do oceur in a steady wind 
that do not occur in calm air and that experienced pilots 
provide for them, the reasons for such provisions must be 
looked for elsewhere. There are two principal possibilities to 
consider : 
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lst. A vertical wind gradient exists—meaning by this that 
the horizontal wind speed changes with the height above the 
earth’s surface. This change is usually an increase. 

2nd. A more or less periodic horizontal variation in wind 
speed exists—meaning what are known as “ Gusts.” Case 2 is 
not susceptible of easy mathematical treatment* and in addi- 
tion the peculiarities we are attempting to explain occur even 
when the wind is blowing steadily. We shall then limit our- 
selves to the consequences of Case 1. 

In this case the air is supposed to have different horizontal 
velocities at different altitudes and the plane must rise or fall 
in order to experience the effect of any variation of wind 
velocity. As the pilot is continually changing his level in flight, 
either consciously or unconsciously when making turns, climb- 
ing, gliding, stunting or by uncontrolled changes in propeller 
thrust he must necessarily be subjected to such variations. 

The immediate problem then reduces itself to finding the 
effect on the rate of climb in a wind which has a velocity in- 
creasing (say) with altitude according to some law. It is, of 
course, well known that at moderate altitudes the wind velocity 
does increase with height, the observed effect being most 
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3) 
Fig. 3. 


naturally ascribed to friction with the earth’s surface. The 
direction of the wind, also, can and does change. Changes in 
wind speed of 20 m.p.h. per 1000 ft. rise and of over 90° in 
direction are not unusual. We shall, however, consider that 


* In regard to this see work of E. B. Wilson, Theory of an Airplane 
Encountering Gusts; Part I—First Annual Report of the National Ad- 
visory Committee for Aeronautics, 1915, pp. 52-75; Part II—Third 
Annual Report of the National Advisory Committee for Aeronautics, 
1917, pp. 405-443, 
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merely a speed change takes place. It is also evident that the 
speed change per ft. rise can and does vary at different levels, 
but for purposes of calculation we shall assume that the wind 
speed increases at a uniform rate per ft. rise. 


Effect of a Wind Gradient 


Consider an airplane climbing with speed V along its flight 
path; this path making an angle i with the horizontal. Assume 
that the wind speed increases at a rate of “a” feet per second 
per ft. rise. The quantity “a” is called the vertical wind 


gradient. 

The vertical speed of the machine is V sin i ft./sec..... (1) 
and hence the increase in wind speed per second due to this 
vertical rise is a V sin i ft./sec.......00. cece cece BO ak (2) 


This last expression is the acceleration in wind velocity due to 
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arise. This acceleration acts on the plane just as if the plane, 
flying originally in calm air, were to experience an increase in 
wind speed. It is evident that if it were facing this extra wind 
the result would be an improved lift, and if it were facing 
the other way the lift would be decreased. 


There results, in other words, an apparent horizontal ac- 
celeration of the plane, which is in the direction opposite to 
the wind velocity when the plane is going from low speed wind 
into higher speed wind and which is in the same direction as 
the wind when going from high speed wind into lower speed 
wind. 

This matter which is fundamental can perhaps be more 
easily understood by the following analogy. 


Consider a number of moving platforms, Fig. 2, such as have 
been proposed at various time for subway transportation. Let 
the platforms be three feet wide and each one have a speed of 
5 ft./see. greater than the preceding one. As it is compar- 
atively easy to step from the ground onto platform 1, it will 
be subsequently just as easy to step from 1 onto 2 and so on 
until finally the pedestrian finds himself on a platform moving 
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Angle Incveased - Quicker Descent 








There is an increase of 
5 ft./see. for every 3 ft. of motion across the platforms, or 


at a comparatively high speed. 


5 ft/sec. per 3 ft.= ft/sec. per ft., which number cor- 
responds to the quantity “a” in equation (2). 

If, now, one were to run around, back and forth over such 
a system of moving platforms it is quite evident, and would be 
more so on trial, that “things” are peculiar. It is just such 
peculiarities that a plane experiences in maneuvering in a wind 
which has a wind gradient. 

Consider now what happens when a heavy ball is rolled 
across the platforms. As soon as it rolls onto platform 1 it 
finds the platform coming towards it at a speed of 5 ft./sec. 
(on account of its inertia it is not immediately carried along 
by the platform), or, what is the same thing, its speed has been 
inereased in the direction opposite to the motion of the plat- 
form by this same amount. If it rolls across the platforms at 
the rate of 3 ft./sec. we can say that the ball receives an ac- 
celeration relatively to the platform, where it is at any instant, 
of 5 ft./see.*. This is the kind of quantity represented by (2). 
The direction of this acceleration is opposite to the motion of 
the platform. 

Consider what would happen to yourself in stepping from 
one platform to the next one moving faster. Unless you 
especially prepared yourself you would fall sideways, your 
head pointing in the direction’ opposite to the motion of the 
platform. In other words, when you stepped across the line 
you received the equivalent of an impulse on your body directed 
up-platform since you fell with your head pointing in that 
direction. It is an impulse because the change in speed is sud- 
den. If there were six platforms one-half foot wide instead 
of one 3 feet wide in every 3 feet, each moving 5/6 ft./sec. 
faster than the preceeding one, this impulse would become 
more nearly a uniformly acting force. 

Now, as long as an airplane headed against the wind rises 
into wind of greater velocity it is acted upon by such a force 
and consequently flies at a greater speed than usual. The lift is 
increased and remains increased as long as the plane rises into 
faster moving air aud the climb is improved. 

On the other hand, converse phenomena take place when 
a body goes from a rapidly moving platform to a slower mov- 
ing one. The accelerations are all reversed. 

Besides the acceleration just deseribed which acts on the 
plane, there is the acceleration of gravity. These two accelera- 
tions combine into one rcsultant of amount— 


A= Ve+ aV sini 2 See MEO Ly (3) 


which makes an angle 
b = tan Py sll smn Po ens amore (4) 
g 
with the vertical 
The plane flies relatively to this resultant acceleration A just 
as it flew previously in calm air with respect to the acceleration 
of gravity g. 

If it can climb at an angle i -+ 90 with respect to the vertical 
(g), it can climb at this same angle (very approximately) with 
respect to A which to all intents and purposes becomes the new 
relative verticol. 

Figures 4, 5, 6 and 7 show the direction of the resultant 
vector accelerations for a plane climbing up-wind; a plane 
climbing down-wind; a plane descending up-wind and a plane 
descending down-wind respectively—up-wind meaning flying 
against the wind, down-wind, flying with the wind. 

Fig. 4. Climbing against the wind: The plane goes into 
faster moving air. The angle i is increased by the angle b, and 
the plane climbs better. 

Fig. 5. Climbing with the wind: The plane goes into faster 
moving air.. The angle i is diminshed by b and the plane does 
not climb so well. 

Fig. 6. Descending against the wind: The plane goes into 
slower moving air. The angle i is increased by b and the plane 
descends at a steeper angle. 

Fig. 7. Descending with the wind: The plane goes into 
slower moving air. The angle of descent i is decreased by b 
and the plane descends at a lesser angle. 

Consider Cases 4 and 6. A pilot starts to climb, the plane is 
lively and climbs rapidly, the lift is inereased.. He starts to 
glide down, the plane descends rapidly, it has lost in lift and 
seems to fall. 

Compare Cases 5 and 7. A pilot starts to climb; the plane 
acts sluggish and climbs badly, the lift is diminished. He starts 
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to descend, the plane tends to fly horizontally and he depresses 
the elevator in order to descend more rapidly. 

Suppose now while descending he has spiraled and is now 
headed into the wind. Case 6 comes into effect and the pilot to 
his surprise descends at a perhaps alarming angle. 

It must already be quite evident that the machine would seem 
- act queerly to a pilot unaware of the reasons for such be- 

avior. 


Effects to Be Expected on a Turn 


Suppose that a plane flying horizontally up-wind makes a 
turn, either to the right or to the left, of 180° in order to 
fly down-wind. The turn produces a drop, hence the plane 

es from horizontal flight up-wind, normal condition, into 

ase 7. The usual drop is minimized. 

A plane flying horizontally down-wind, normal condition, 
makes a 180° turn in order to fly up-wind. A turn produces a 
drop, hence the plane goes from normal flight into Case 6. The 
usual drop is accentuated. 

When the first 90° of a turn has taken place a correspond- 
ing drop has also taken place and the plane gets a sidewise 
acceleration which produces an effect similar to a side gust on 
a plane flying normally. 

If originally flying up-wind, a 90° turn produces the equiva- 
lent of an up-wind gust. 

If flying originally down-wind a 90° turn produces an up- 
wind gust. 


Numerical Results 


Referring to equation (4) defining b as the change in the 
angle i as small we can take this small angle to be the same as 
its tangent; the angle i is also small and no serious error is 
committed in using it directly instead of its sine. 

Since then exactly 


aV sini 


tan b 
we can write approximately 
i es 
and, therefore, 


which is the fractional change in climbing angle due to wind 


gradient a. 
If aisin m.p.h. per 1000 ft. 
V is in m.p.h. © ; 
and g is 32.2 ft./sec., we may write this expression as 
b/i=aV 0.0067% 


For example, if the wind increases at the rate of 20 m.p.h. 
per 1000 ft. and the plane is travelling at the rate of 100 m.p.h., 
the percentage change between climb up-wind and climb down- 
wind is a decrease of 

2x 20 X 100 X .0067% 
= 26.8% 

The difference in climb up-wind and climb in calm air for 
the same conditions is 13.4%. If the plane travels at 150 
m.p.h, under the same conditions the percentage change be- 
comes 20% instead of 13% and 40% instead of 26.8%. In 
other words, a certain fraction of the wind energy can be 
utilized in this manner. 

If it be assumed that the wind has periodic increases and 
decreases in horizontal speed at any given level it is seen from 
the foregoing that by proper maneuvering its energy can be 
drawn on to partially sustain the machine. The great practical 
drawback, however, is that the pilot can only be aware of these 
changes by the “ feel” of the plane and could only utilize them 
after long experience, if at all. Birds probably are instinctive- 
ly able to adapt their flying attitude to these varying condi- 
tions and have the advantage also of the fact that small sized 
gusts can be utilized whereas with a large airplane it would 
require that the cross section of the disturbance be as large or 
larger than the airplane. 


Forces and Moments Brought Into Play on Banking 


_ There are still other actions taking place while making a turn 
in a wind in which there exists a wind gradient. 
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Consider an airplane flying against the wind which banks 
while making a 90° turn to fly across the wind. 

Since the right hand wing rises and the left hand wing 
descends, the former is acted upon by an increased speed of 
down-wind and the lower by an increased speed of up-wind. 


Higher Speed 
Wind 
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As seen in the diagram, this produces an upsetting couple FF’ 
tending to increase the bank and sharpen the turn. 

After the next turn of 90° to fly with the wind this couple 
disappears and two others make their appearance: one due 
to unequal drifts on the right and left wings, this drift being 
less on the higher and greater on the lower, which couple tends 
to yaw the machine slightly to the pilot’s left, and the other due 
to unequal lift on the right and left wings, the lift on the upper 
being decreased and on the lower increased relatively. This 
couple tends to under bank the machine and-+is a righting 
couple. 

Consider an airplane flying with the wind which banks while 
making a turn to fly across the wind. 
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Fig. 9. 


This maneuver brings into existence a couple FF” tending to 
right the machine and widen the turn. 

After the next turn of 90° to fly against the wind this 
couple ceases to exist and, as before, two new couples appear. 
One due to unequal drift tending to yaw the machine towards 
the pilot’s right and the other due to unequal lift which is 
greater on the higher than on the lower wing, which is there- 
fore an upsetting couple and tends to make the turn sharp. 

The resultant effect as felt. by the pilot is made up of these 
various separately described effects. There is, however, no 
question in our mind but that these effects produce the pecu- 
liarities felt by all pilots when maneuvering in the wind. 

It should also be noticed that the relative value of these 
effects changes with the size and weight of the machine being 
flown. 

Rough ecaleulations were made of the magnitude of these 
couples for a machine of 40 ft. span, aspect ratio 6, weighing 
3,000 pounds for a 20 m. p. h. per 1,000 ft. and an angle of 
bank of 45°. 

The cross wind couple is negligible. The couple due to un- 
equal lift gives a value of about 150 lb.-ft. The yawing couple 
due to unequal drift about 15 lb.-ft. 


Bumps and Air Holes 


The shocks which are nearly always felt in a machine in 
flight are somewhat of the same nature as the effect of un- 
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evenesses of a road on an automobile and are probably due 
to sudden small changes in wind speed or wind direction, or 
both. 

As a slight change in vertical wind direction seriously mod- 
ifies the lift it is easily understood that a sudden drop or rise 
will tend to take place, and as soon as the plane passes 
through the disturbance it regains the even tenor of its way. 

The so-called holes in the air are easily explained as the 


result of the meeting by the plane of a fairly large area in 


which there is either: a sudden shifting of the vertical wind 
direction downward, producing not only a drop due to the 
downward component of the wind velocity, but also a decrease 
in lift due to the greatly decreased angle of incidence, the 
two combining into a sudden and alarming drop; or a sudden 
change in air temperature, this producing a correspondinz 
change in air density and causing a sudden change in lift. 
This is a decrease if the temperature change is a rise. These 
two causes can also act simultaneously. 

From the foregoing discussion it should now be realized 
that a thorough understanding by the pilot of the possible 
eauses of peculiarities is absolutely necessary. This under- 
standing is as necessary for the air pilot as it is for a car 
driver to know, for instance, that a ear is liable to skid on a 
turn or that wet pavements are liable to be slippery. The 
knowledge of these causes gives him a realization of what is 
occurring and the reasons therefore, as well as indicating the 
proper maneuvers for overcoming their detrimental effects and 
utilizing them for his advantage. 





Halford Aero Motor 


The Auto Motor Repairing Co., of Brooklyn, announces the 
completion of the Halford Aero Motor, and gives the following 
brief particulars : 

Standard Bore— 

Ignition—Atwater-Kent ; 

Carburetor, Zenith; 

Maximum speed, 1500 r.p.m. 

Suited for a 6 ft. 6 m. propeller with 3 ft. pitch. 

Special Bore— 

Bosch magneto ignition ; 

Zenith carburetor ; 

Special oversized valves; 

Foreed feed lubrication ; 

Zepher pistons; 

Special leak-proof piston rings; 

Extra large carburetor; 

R.P.M. up to 2000. 

Suited for a propeller of 4 ft. to 5 ft. pitch. 

The motor is a modified Ford motor which is expected to 
stand up well in aviation practice. 
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Stine Screw Holes 


Stine Serew Holes have been designed to meet a need that 
has long been felt in wood construction. They are made to fit 
all sizes of screws. After they are hammered in, the head is 
removed, leaving a permanent screw-hole. Besides this sim- 


plicity, whereby any one able to drive a nail is able to drive 
in a serew hole, it has also the qualities of neatness, durability 
and convenience. 

The Stine Serew Hole is made of brass, and will therefore 
Holes can be driven 


not rust under atmospheric conditions. 


















without injury to the material, and in places where screws 
could not otherwise be used. 
With special reference to the airplane construction, Stine 
Serew Holes may be useful in the following ways: 
1. In the attachment of instruments to the instrument board. 


2. In removable floor board and at points where removable 
seats are attached to the structural-members of the fuselage. 

3. For such control attachments as are necessary to dis- 
semble when planes are taken down for shipping. 

4. In securing removable sides of the costly cases in which 
planes are packed and shipped. i. ‘ 








Development of a 15-Foot Airplane Wing Rib 


By Raymond M. Wirka* 


During the progress of the war the Forest Products Labor- 
tory of the United States Forest Service, Madison, Wis., at 
the request of the Aircraft Division, Bureau of Construction 
and Repair, Navy Department, undertook the development of 
an airplane wing rib of minimum weight, having a chord length 
of 15 feet, and capable of sustaining, without rupture, a 
distributed load of 670 pounds. 
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Fig. 1. 
































Two distinct forms of rib were investigated at the laboratory 
as possibilities for development; namely, one having a ply- 
wood web, the other using some form of truss to carry the load. 
In the former type the web section was made of three-ply 
wood with adjacent plies glued at 90 degrees to each other; in 
the latter, various truss designs were tested. 


Method of Test 


Ribs for each design were tested under high-speed load 
distribution, and a few ribs of the final design were also tested 
under low-speed load distribution. The distribution diagrams 
shown in Fig. 2 were used. 

_ Ordinates of both diagrams represent the sum of the unit 
lift pressures on the upper and lower wing surfaces. The ap- 
paratus used for applying load to the ribs is shown in Fig. 10. 
By dividing the bases of the diagrams (Fig. 2) into 16 equal 
distances and extending vertical lines upward, each diagram is 
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divided into 16 areas. The 16 concentrated forces applied to 
the rib are proportional, respectively, to the 16 areas into 
which each diagram is divided. The downward motion of the 
movable head of the machine causes the load to be applied to 
the rib. To approximate the lateral stiffening the rib receives 
from the wing covering when in service in the airplane, the top 


© Assistant Engineer in Forest Products, Forest Products Laboratory, 
U. 8. Forest Service, Madison, Wis. 
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and bottom flanges were fastened, by means of cords, to beams 
paralleling the rib and bolted to the testing machine. 


Comparison of Ribs 


All ribs tested were compared for total load sustained, 
weight, stiffness, and specific strength; that is, the ratio of the 
total load sustained in pounds to the weight of the rib in 
ounees. Another factor considered was adaptability to produe- 
tion. The values obtained from the different types of ribs 
tested are given in the tables of Figs. 11 and 12. 

To determine the relative stiffness of the various types of 
ribs tested, the load sustained by the rib was plotted against 
the travel of the movable head of the testing machine. The 
stiffness of the rib is proportional to the load sustained at a 
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given deflection. Fig. 1 shows two typical load-travel curves, 
the upper curve being that of a Warren truss rib and the lower 
that of a twisted-veneer rib. The lower curve lacks stiffness 
at low loads probably because of initial slackness in the veneer 
tension members. The upper curve shows the effect of more 
rigid construction. 

Besides stiffness, the curves show the total load sustainef. 
The work necessary to cause failure ean. be determined by the 
integration of the area under the curve. 

To obtain maximum efficiency from the wings when in flight 
it is considered desirable that the aerofoil change as little as 
possible. That is to say, other things being equal, the rib show- 
ing highest stiffness is the best. 


Description of Ribs 
Seven types of ribs involving 13 different designs were 
tested: plywood, wrapped veneer strap, twisted veneer strap, 
modified Navy design, Pratt truss, Warren truss, and double 
Pratt truss. A key to these various ribs is given in the follow- 
ing tabulation: 
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ably more time in construction than some of the other ribs 
having equally good strength and weight values. 





Stren 
Values, Weights, , Details sf Pratt Truss Rib:—From previous tests on commercial 10-foot 
Design Dimension, Construction, ‘ e b 
No. Type. etc. Fig. No. Fig. No. wing ribs of the Pratt truss type it was found that the strength 
a Plywood circular opening..... He 3 of the joint between the diagonals and the cap pieces was al- 
“ Plywood semi-truss .......... s 3 most wholly dependent upon the glue, the screws contributing 
1 Wrapped veneer strap......... 11 te 
; 2 Wrapped veneer strap......... a3 ~ 
3 Wrapped veneer strap......... 11 9 
4 Twisted veneer strap.......... : 11 5 
5 Navy design (modified)........ 11 6 
6 Ee a Ra err a 12 4 
7 Lo rR a re 12 7-Parta 
8 = ~ “RARSAN ea Sr 12 7-Parta 
; 9 » fi era re tr ore 12 7-Part b 
10 Double Pratt truss............ 12 8 
11 _, . aera ee ree 12 7-Part b 
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Discussion of Results 


Plywood Web Ribs.—In the development of ribs of chord 
lengths from 55 to 96 inches favorable results were obtained 
by using 3-ply wood webs having the face grain vertical and 
the core grain horizontal. The first of the 15-foot ribs to be 
tested was of this type, the faces of the plywood web being of 
1/32-inech birch and the core of 1/16-inch Spanish cedar. ‘I'wo 
types, the circular opening and semi-truss, Fig. 3, were used. 

These ribs failed by bending of the plywood between open- 
ings and by buckling of the web near the upper and lower cap 
strips. 

An attempt was made to strengthen the rib for column action 
by glueing vertical battens to both sides of the web between 
openings, and to increase the resistance to buckling by gluing 
horizontal strips to both sides of the web near the upper and 
lower cap strips. The addition of this stiffening increased the 
weight of the rib considerably, without materially increasing 
the load sustained. Reinforced in this way the ribs weighed 
on the average about 2.5 pounds and sustained a load of about 
250 pounds. These ribs were tested with the load distribution 
of Fig. 2-a. 

While a plywood web rib could have been developed which 
would sustain the 670 pounds desired, previous tests on ribs of 
this kind indicated that such a rib would weigh considerably 
more than 3 pounds. The use of some form of built-up truss 
construction was therefore deemed necessary if a sufficiently 
light rib were to be obtained. 

Wrapped Veneer Strap Rib.—In the wrapped veneer strap 
design, Nos. 1, 2 and 3, Fig. 11, an attempt was made to utilize 
the full tensile strength of the veneer tension members which 
extend the length of the rib and are wrapped as shown in Fig. 
9. By the addition of channels in design Nos. 2 and 3 satis- 
factory strength was obtained, although the strength weight 
ratio was below that of some of the other types tested. 

Twisted Veneer Strap Rib.—The twisted veneer strap ribs, 
No. 4, Fig. 5, failed repeatedly in the tension members at the 
lower cap strips near the front and rear spars. Better steam- 
ing of the diagonals before bending would probably have im- 
proved the strength somewhat although it is doubtful whether 
or not the strength values would have equalled those of other 
ribs. tested. This rib was, further, not so stiff as some of the 
other ribs tested. 

Modified Navy Design Rib.—Design No. 5 designated as the 
Navy design (modified) gave very satisfactory values of 
strength, weight, and specific strength, but required consider- 
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little to the strength of the joint. Because of failure in the 
glue the full tensile strength of the diagonals was not obtained. 
All diagonals of ribs of design No. 6, Fig. 12, were made of 
single-ply veneer to increase the area of the glued surface be- 
tween diagonals and web strips. The strength and weight 
values of these ribs were very satisfactory and the ribs are very 
simple to construct. 

Double Pratt Truss Rib.—The double Pratt truss ribs, 
design No. 10, are somewhat similar to those of design No. 6, 
and are suitable for reverse loading. The results obtained from 
tests on these ribs were not so satisfactory as those on ribs of 
the Pratt truss. 

Warren Truss Rib.—Of the various designs of Warren truss 
ribs, design No. 11 proved to be the most satisfactory. All 
component members were made of spruce. The ribs are suit- 
able for reverse loading, assuming the same load distribution. 
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Conclusions 


The load-travel curves of the plywood web, twisted veneer 
strap, and Pratt truss types showed that ribs of of these types 
were not quite as stiff as those of the other types. 

Although plywood proved very satisfactory for webs of ribs 
of short chord lengths, the development of 15-foot wing ribs 
has shown quite conclusively that a plywood web construction 
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is impractical for ribs of this length. 
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STRENGTH TESTS ON 19 FOOT AIRPLANE WING RIBS 
PROJECT L225<2 
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Note on the Effect of Water Vapor in Hy- 
drogen Upon the Lifting Power of the Gas 


In conection with the discussion of the purity of hydrogen 
it is interesting to note the effect of water vapor upon the 
lifting power of hydrogen. The specific gravities of hydrogen 
and water vapor are 0.0695 and 0.622. The reduction in lifting 
power of hydrogen when saturated with water vapor at dif- 
ferent temperatures is shown by Fig. 1. 

If hydrogen is compressed in cylinders and the cylinders con- 
tain some water in the liquid form, then the hydrogen will be 
saturated with water vapor at the temperature of the cylinder 
and each volume of the high-pressure hydrogen will contain 
the same volume of water vapor as it would if under a pressure 
of one atmosphere and at the same temperature; hence when 
it is withdrawn from the cylinder and expanded to the lower 
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Ribs of the Warren truss type, design No. 11, were superior 
in strength per unit weight to all other ribs tested. These ribs 
are partially dependent on glued surfaces for strength, they 
possess considerable residual strength due to the lapped and 
taped construction. Should failure occur because of poor 
gluing, however, they embody many of the desirable features 
of airplane wing ribs—high strength per unit weight, stiffness 
and simplicity of design—and possess, in addition, considerable 
strength in reverse loading. 
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pressure it contains only a relatively small amount of water 
vapor per unit volume. The gas is, therefore, comparatively 
dry if it has been expanded from a high pressure. The mag- 
nitude of the loss in lifting power at one temperature (30° C.) 
and different pressures is shown in Fig. 2, The data in Fig. 
2 are computed on the assumption that the gas will be ex- 
panded from the high pressure to atmospheric pressure with- 
out either mechanical entrainment of liquid water that may be 
in the high-pressure container or absorption of water vapor 
from this liquid during the period of expansion of the gas. 

In considering the advantages of using dry hydrogen for in- 
flating balloons the fact should not be overlooked that rub- 
berized balloon fabrics are somewhat permeable to water vapor. 
Therefore, even though the gas is put into the balloon dry it 
will become partially saturated with water vapor which 
penetrates the fabric and will ultimately approximate the 
moisture condition of the surrounding atmosphere. 
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An instrument to indieate whether, under all conditions, the 


path of the airplane is a straight line or whether it is turn- , 


ing to the right or left is much required. It is well known that 
when flying in a cloud or at night, and no fixed object is 
visible, even the most experienced pilot may, without realizing 
it, be flying on a sharp curve. If, however, the angle of bank- 
ing is great the muscular reaction of his body will have to be 
increased to counteract the increased force acting on it. This 
will tell him that his course is not straight, but there is noth- 
ing to show whether he is on a right-hand or left-hand turn. 
If he tries to straighten his course he is just as likely to in- 
crease the curvature as to straighten out. If he observes his 
compass he will probably find that it is swinging so much that 
it will tell him something is wrong, but give no guide to what 
he should do. 

A turn indicator enables a straight compass course to be 
kept when flying in clouds or at night, and this is valuable for 
long-distance flights. But straight flying is always important. 
If the clouds are low and the airplane leaves their lower sur- 
face when on a sharp turn there may not be sufficient time to 
allow the machine to be put into a safe position for landing 
before the ground is reached. 

Successful turn indicators using gyroscopes have been made. 

With the static head turn indicator, in conjunction with a 
good airplane compass and a cross level, a true compass 
course ean be kept in clouds or at night. The success of this 
instrument is due to the large amount of experimental work 
done at Orfordness and at the Royal Aircraft Establishment, 
and to the design of the Ogilvie pressure gauge manufactured 
by the British Wright Co. Unless a pressure gauge as good 
and as sensitive as this instrument had been designed, the turn 
indicator would not have been a success. 

A great number of experiments had to be tried in order to 
determine the best position for fixing the static heads, on the 
relative advantages of fixed and swivelling static heads, and 
on the effect of side-slip. 

A sensitive differential manometer is fixed on the instrument 
board, and the Ogilvie pressure gauge is used for this purpose. 
The two openings from it are connected to two static heads, 
fixed to the wings as far apart as can conveniently be arranged, 
and in a position so that the air pressure at these points is 
influenced as little as possible by the wings or body of the 
airplane. The manometer will then indicate a difference of 
pressure when the airplane is turning. The hand- will move 
in one direction for a turn to the right and in the éther direc- 
tion for a turn to the left. al 

The pressure gauge was designed by the British Wright Co. 
for use with the turn indicator, and is of the Ogilvie type. An 
extremely sensitive cireular rubber diaphragm separates two 
chambers in the instrument. These chambers are connected, 
one to each static head, and the minute difference of pressures 
caused by the airplane turning deflects the diaphragm by a 
small amount. The deflection is communicated directly by a 
silk thread, without intermediate gear, to the indicating hand 
and moves it to the right or the left. The scale carrying the 
zero mark and divisions is adjustable by the pilot during 
flight by the use of one thumb, and he can easily set the scale 
in the correct position when flying on a straight course imme- 
diately after leaving the ground. This adjustment is most 
desirable, as it is found that the position of the hand when on 
a straight course does not correspond with absolute equality 
of pressure on the two sides of the diaphragm. 

This is due both because it is impossible to make both static 
heads,.absolutely similar, and also because the actual static 
pressure at the two positions where the static heads are fixed 
are<not equal. No doubt if it were possible to fix the static 
heads at a great distance in front of the wings the amount of 
adjustment required would be greatly reduced. The adjust- 
ment required is seldom more than 10 deg. 

The air inside the static openings is very nearly the true 
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Royal Society of Arts on Wednesday, Oct. 29, 1919. 


The Static Head Turn Indicator for Airplanes’ 
By Sir Horace Darwin, K.B.E., F.R.S. 


389 


air pressure outside in a well-designed static opening. The 
static heads used are the same in form as those used in the 
standard air-speed indicator. The tube moves through the air 
in the direction of its axis; the stream-line end of the tube dis- 
turbs the air as little as possible, and thus the air passes over 
the holes in the side of the tube at right angles to their direc- 
tion. It had been found by experiment that the air pressure 
inside the tube is very nearly the true pressure outside, what- 
ever the velocity the tube moves through the air may be. 

A great authority on birds tells me that he has no doubt 
that birds breath: through their nostrils. He might find it 
difficult to actually prove this, but it is very unlikely that he 
is not correct. It is an interesting fact that the nostrils of 
birds fulfil to some extent the conditions of a well-designed 
static opening; the nostrils are holes in the beak, and in 
flight the beak moves through the air point forwards. It is 
clear that this arrangement is advantageous to the bird. To 
ensure ease in breathing, the air inside the lungs should be at 
the same pressure as the air outside’ I do not know whether 
men in airplanes find any difficulty in breathing when the 
head is in the wind. If they do, no doubt the difficulty could 
be reduced by breathing through properly constructed static 
openings. 

Experiments were tried with fixed static heads, as it was 
hoped that the swivelling form was not necessary. They 
were fixed to the struts between the wings, but in this position 
side-slipping had a considerable effect; in some cases this was 
so great that the index of the pressure gauge showed a right- 
hand turn when a left-hand turn was taken. The fixed static 
heads were then placed in front and above the leading edge 
of the upper wing. In this position the results were much 
better, but the heads must be truly parallel. In this exposed 
position it was found that they were liable to become acci- 
dentally displaced, and as this might easily happen without 
the pilot knowing it, then the instrument would not be trust- 
worthy. When swivelling heads are used and placed in the 
standard position the effect of side-slip is greatly reduced and 
turns to the right or left are correctly indicated. ‘To elim- 
inate all effect of side-slip the static heads must be put incon- 
veniently far from the wings. ; 

The swivelling static heads are required to adja8t their 
angle with the greatest freedom. They are carried by swivel- 
ling bearings allowing universal movement and fixed to rigid 
standards. The air is always free to flow by way of a rubber 
tube, which twists to accommodate the adjustment of the head 
to right and left and bends to permit of inclination up and 
down. The static head, thus free to move in all directions, is 
maintained parallel to the direction of the wind by means of 
a conical vane. Its weight has no tendency to move it out of 
the true direction, as it is carefully balanced about its swivel- 
ling bearings. re 

It was also found important to avoid sharp*bends. or con- 
strictions in the tube, as otherwise the indication*6n the dial 
was sluggish. The air tube on the static head openings be- 
coming blocked with ice is a possible cause of failure. 

In order to make the action clear, we will assume that the 
airplane is moving in a circle, that it is not banked, and that 
the air tube connecting the static heads is horizontal and 
points along a radius of the circle. The forces acting on the 

air in this tube are: 

1. Gravity acting vertically downwards. As the tube is 
horizontal, this will cause no difference of pressure at the 
manometer or cause any tendency of the air to move along 
the tube. 

2. The atmospheric pressure at the static heads. As the 
tube is horizontal the pressures at the ends of the tube are 
equal and in opposite directions, and no effect is produced on 
the manometer. 

3. The pressure of the inner surface of the fube against the 
air; this clearly has no effect on the manometer. 

4. Centrifugal force is the one remaining force which can 
cause a movement of the differential manometer. The air will 
tend to move along the tube in an outward direction and can 
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only be prevented from so doing by a difference of pressure on 
the two sides of the diaphragms in the manometer. It is this 
difference of pressure which is indicated on the manometer 
and shows a right or left-hand turn. 

All turns, however, are banked, and this assumption is only 
made to make the action clear. 

Let us now consider a banked turn and assume that the aero- 
plane is banked at the correct angle. By the correct angle is 
meant an angle which causes no side-slip; that is, such an 
sagle that the apparent direction of gravity (that is the 
resultant of gravity and centrifugal foree) is at right angles 
to the plane of the wings. 

Again consider the forces acting on the air in the tube. 

1. As the banking is at the correct angle, the resultant of 
gravity and centrifugal force act at right angles to the direc- 
tion of the tube and have no effect. 

2. The pressure against the inside of the tube clearly has 
no effect. 

3. The atmospheric pressure at the two static heads is not 
equal; as the airplane is banked, the outer end is higher up 
and at a place where the air is at a less pressure. The differ- 
ential manometer will show this difference of pressure. 

Or we ean consider this last case differently. The forces 
acting on the air in the tube are: 

1. Gravity acting on the air in the tube. As the tube is 
banked, this will tend to make the air flow inwards. 

2. Atmospheric pressure at the static heads. As the pres- 
sure at the outer end is less than at the inner end, these pres- 
sures will tend to make the air flow outwards. The tendency 
of (1) and (2) are obviously equal and in opposite directions, 
and the combination of the two will have no effect. 

3. The pressure against the inside of the tube clearly has 
no effect. 

4. Centrifugal force is the only remaining force, and this 
clearly will cause a difference of pressure on the two sides of 
the diaphragm of the manometer. Although these two ways of 
considering the forces which act on the air in the tube are so 
different they are both correct. 

If V = the speed of the aeroplane. 

r = radius of the circle in which it is flying. 

b =the distance between the static heads. 

o = the density of the air. 

P = the differential pressure on the air required to pre- 

vent its movement along the air tube. 

8 =the angle of banking. 
With horizontal flight, no side-slip and the air tube in the 
vertical plane passing through the centre of the circle 

P = v'9b cos B/r. 
Usually 8 is the correct banking angle, then tan B = v'gr: 
In order to make P large, b must be large. As the density of 
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the air beeomes less with increased height the indications will - 
alsu becoiue less. 

Lhe instrument ean only be used for measuring r if we know 
the speed and the density of the air, but it is not wanted for 
this, and is only useful for showing that the airplane is turn- 
ing to the right or the left. 

If an airplane is flying near the ground at 80 m.p.h. in a 
eirele of one mile radius, a complete circle would be flown in 
41% mins., and the correct banking angle would be 4°—40’. 
If the statie heads are 30 ft. apart the air pressure in the 
manometer would be about 1 mm. head of water when flying 
near the ground. This pressure will move the head on the 
dial through about 14 deg. or about 114 divisions, and the turn 
will be clearly shown. If the height of the airplane is so 
great that the density of the air is reduced to half its normal 
amount the indication will also be reduced to one-half. 

The turn indicator has been tried on many different types 
of airplanes. The following are some extracts from a report 
which we have been kindly allowed to see and quote: 

“In eonnection with the daily cloud and horizon observa- 
tions, it has been necessary to attempt to fly through thick 
layers of cloud. This has been tried on several types of scouts 
and after considerable practice it was found possible to get 
through several thousand feet of solid cloud, but it required 
very rigid concentration on the control of the machine, even 
then it frequently got out of control and after losing height, 
climbing had to begin again. It was practically impossible 
to have any sense of direction during a long climb in cloud. 
Layers of cloud of various thicknesses up to 6,000 ft. were got 
through, but it was decidedly unpleasant flying.” 

The turn indicator was then fixed to a 110-h. p Le Rhone 
Camel, a difficult scout to fly through clouds. The first posi- 
tion of the static heads was not found satisfactory. A second 
position was tried. The report goes on: 

“Although not extremely sensitive, it was most useful, en- 
abling the machine to be flown in comfort for a considerable 
time in clouds. As compared with the experience in 
elouds on seouts without turn indicators, flying in clouds was 
now quite pleasant, as the machine never showed any sign of 
getting out of control. To fly straight was quite easy, keep- 
ing a fairly reasonable compass course, to make a gentle spiral 
up or down, or a very steep spiral. . . . 

“The static heads were only tried in two positions, but it 
may be that a position could be found without their being 
unreasonably far in front of the plane, so that the indicator 
would be more sensitive. 

“Tt would need some considerable practice before the aver- 
age pilot could take a Camel or most scouts through much 
cloud, but it makes cloud flying on seouts possible, whereas 
without turn indicators it is practically impossible.” 














JUNKER Fireproor Att Metan PASSENGER AIRPLANE. 


THis MOoNOPLANE 1S Reportep To Have a Speep or 110 M.P.H. 
ANOTHER VIEW OF THIS MACHINE WAS SHOWN IN THE Last ISSUE 


(C) Wide World Photos 








Some detailed information is now available of the giant 
airplanes built by the German Linke-Hoffman works, em- 
bodyirg a central multiple engine power plant with a single 
or twin tractors. - 
, The LHRI 


It appears that the first Linke-Hoffman model (LHRI), 
shown in Fig. 1, was of an unsuccessful character. The 
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Fig. 1. 


Rear View First EXPERIMENTAL LINKE-HOFFMAN 





typical Roland contruction was followed here in the design 
of a body oceupying the entire gap from wing to wing. Ex- 
periments in the Gottingen wind tunnel indicated increase 
of aerodynamic efficiency, but in practice the lateral control 
proved very slow, and pilots could not seemingly judge 
landing distances in the totally enclosed body. A good point 
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The Linke-Hoffman Central Power Plant Giant Biplanes 


By Eric Hildesheim 


in the design of the machine was the mounting of the tractor 
serews independently of the wing structure. Most accidents 
experienced with the Zeppelin-Staaken, with engine mount- 
ing supported by the wings, were due to stripping of gears, 











Fies. 3-4. Rear View or LinKE-HorrMan R-2 


and failure of engine mountings, leading to destruction of 
the wings themselves. 

Figure 2 shows a good view of the front cockpit in the 
nose of the enclosed fuselage of the LHR1 and the trans- 
parent roof is clearly indicated. 


The LHR2 


In the LHR2, which was decidedly more successful than 
the LHR1, there were a number of important modifications. 
Fig. 3 indicates how closely this later model resembles an 
ordinary biplane in its general lines, and Fig. 4 gives an 
excellent rear view of this machine. It is interesting to com- 








Fig. 5. Enoaine Vents, Exuavst Pipes, Rapiator 


pare the main dimensions and the performance of the two 
models : 


LHR1 LHR2 
| re TES VOR RTR ES 33.2 metres 42.1 metres 
Overall length ....... 15.6 metres 20.3 metres 
BONG 63's bo 062s cb es 6.7 metres 7.1 metres 
Total wing area...... 265 sq. metres 820 sq. metres 
Power Plant ..... ... 4-260 HP Mercedes 4-260 HP Mercedes 
Weight Empty .......8 tons 8 tons 
Useful load 3.2 tons 4 tons 


(including fuel) ... 
Total load ~......0sse% 11.2 tons 12 tons 
Maximum speed ..... 130 kilometres pr. h. 130°.kilometres pr. hr. 
Ree ta clatwsthveeds 3000 metres in 2 hrs. 3000 metres in 2 hrs. 


While the LHR2 retained the power plant and trans- 
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Fig. 6. Sprra. Spring SHocK ABSORBERS 
mission system of the LHR1, it embodied many new ileas, 
the outstanding feature being the use of a single tractor 
screw and the general resemblance to an ordinary tractor 
biplane. 

Even the two-wheeled landing gear of Fig. 6 is nothing 
but an enlarged edition of ordinary airplane practice. It is 
claimed and not without likelihood, that the large size of the 
wheels enables them to pass over ditches without danger of 
the aireraft overturning. A winter test is quoted by the 
Germans, when to avoid landing in snow on the aerodrome 
the plane passed on to a neighboring marsh, where two ditches 
were passed without overturning, the plane finally coming to 
rest with the whee's embeddeJ 12 in. in the marsh. Fig. 6 
shows the very logical provis‘on of the side shock ahsorber. 
The straits to which the Germans were driven for lack of 














Fig. 7. ENGINE AND Gravity Tank MOUNTING 
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Fie. 8. 


ENGINE ARRANGEMENT, SHOWING GEARS AND CLUTCH 


material is indicated by the use of. steel spiral springs in 
leu of rubber shock absorbers, and by the use of wooden 
tires. 

It will be noted that the somewhat peculiar construction 
of the tail surfaces of the LHR1, with a monoplane stabilizer 
and double elevator, has been replaced by the biplane stabil- 
izer and elevator in the LHR2. 

The rear part of the fuselage has a transparent covering 
to enable ready inspection of controls. 

Little information is available regarding the transmis- 
sion between the four engine unit and the single screw. Ap- 
parently the various engines transmit their power to one 
central shaft, carrying a single transmission gear whce: as 
shown in Fig. 9. 

Figure 10 shows the commodious pilot’s cockpit with dual 
control, looking into the engine room. 

At a speed of 120 kilometres there is a fuel capacity of 
30 hours with a load of 2 pilots, mechanics and navigators 
with their luggage and necessary instruments. For com- 











Fic. 9. Srxnete Gear WHEEL OF THE Four ENGINES 
mercial aviation the Linke-Hoffman R2 model is now pro- 
vided with an enclosed cabin for 12 passengers aft of the 
pilot’s cockpit. 

Various advantages are claimed for the central power 
plant installation as compared with the interplane power 
plant installation, such as the absence of side obstructions 
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for vision and gun range; the decrease in number of me- 
chanics, since one mechanic can now take care of all four 
motors, a more complete understanding between engineers 
and pilots. The central power plant with single serew has 


a further advantage in simplicity over the twin screw type, 
and the few parts can be made -riigged. The slow turning 
propeller can be made very efficient. 
plete reliability in the power system. 


There is almost com- 


‘ig. 10. Pintor’s Cock Pir Looxine Into Enaine Room 





Book Review 


How aN AEROPLANE 1S Burtt, by Stepney Blakeney. 233 
pages. Aeroplane and General Publishing Co.: London. 
5/— net. 

This book appeared originally as a series of articles in the 
Aeroplane. Mr. Grey, the writer of the introduction, states 
that Mr. Baker has an intimate knowledge of detail work. 
We can thoroughly endorse this opinion. 

At first it might be thought that this was merely a detent 
tive book on the building of small airplane models, but as a 
matter of fact, it is a thoroughly practical and most compre- 
hensive manual of airplane construetion. We might almost 
say it is the first work of its kind in the airplane field. 

The author describes the most practical way of . building 
longerons, struts, spars, gives detail instructions as to jigs, 
assembly, erecting and setting out. The text is illustrated 
with the best kind of sketches. 

Wing covering and doping are treated somewhat sketchily 
but this is more than made up for by the careful remarks 
on metal parts and fittings. 

A great many of the practical tips which it takes an air- 
plane man years to learn are to be found in this little book. 
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Resume of Wind Tunnel Tests of 
Airship Envelopes 


By J. C. Hunsaker, Eng. D. 


A large number of stream-line bodies have been tested in the 
8-ft. wind tunnel of the Washington Navy Yard, and without 
going into the details of these tests certain conclusions of gen- 
eral interest have been reached. 

The resistance in a relative wind of velocity V is expressed 
by the formula 

R = C C/g (Volume) 24 V* 
when C/g is the density of the air and C a coefficient and 
nearly constant. The form having the lowest value of the co- 
efficient C has the least resistance for given volume or buoy- 
ancy. This expression was first proposed by Prandtl and is 
in general use. 

In the course of tests on various forms, the coefficient C has 
been found to vary with the speed of the wind or as the quan- 
tity VL as would be expected from dimensional theory. The 
resistance can only vary as V* when the resistance is caused 
by eddy making. Good stream-line forms have a minimum of 
eddy making resistance and skin friction has a relatively large 
effect. 

In fact, for seven models of very different shapes, represent- 
ing seven actual dirigibles, the skin friction computed by 
Zahm’s formula, .00000778L“V’*b, amounts to from 79 to 73 
per cent of the total resistance observed. 


The coefficient C appears to vary between V-* to V-™. 


The disk ratio or ratio of total resistance of model to its 
major circle varies between 15 and 17. 

The resistance as measured appears to vary not as V’, but 
by a lower power. Individual models show exponents between 
1.85 to 1.92. 

Yawing moments determined for several models indicates 
practically no differences for small angles. It appears to be 
immaterial what form of bow or stern is used within reasonable 
limits. 

The shape of the mid section has the most important effect 
on resistance. Bow and stern are less important. A parallel 
middle body is disadvantageous, and for a length added equal 
to diameter may increase resistance 15 per cent. 

The form of bow is slightly more important than the stern. 
A pointed nose can be replaced by a rounded one of good 
shape without change in resistance. A long, fine or conical 
tail is much worse than a shorter, rounded one of easy curva- 
ture. A fineness ration between 5 and 6 appears more advan- 
tageous. 

The above notes apply only to good forms. The forms 
tested vary in resistance, depending on shape, not more than 
8 per cent above or below the average of the series. 








Hypro Boat INVENTED BY ALEXANDER GRAHAM BELL REPORTED TO MAKE 71 Mies PER Hour. Liberty ENGINES 
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MAYNARD LOSES |R 
TO DONALDSON 


TWO RECORDS ESTABLISHED! p 


Captain Averages 108 Miles an) (a, 
Hour; Covered 823 Miles in Day. 


Although Lieut. Belvin W. May- t 
nard, the “flying parson,”’ was the first ; 
aviator to fly from Mineola to Cali-| 4aty 
fornia and return in the transcontin-! wi 
ental aerial derby, an unofficial calcu- | pe 
lation of his flying time and that of 
other aviators eliminates him from 
first placee in the race. 

It fs estimated that Capt. J. O. Don- 

aldson, second to return to Mineola, 
and the aviator who made the flight in 
an SE-5, a one man scout plane 
equipped with a 160 horsepower 
American built Hispano-Suiza motor, 
travelled twice across the country, @ 
distance of 5,400 miles, in 49 hours, 
66 minutes and 11 seconds. Lieut. 
Maynard's unofficial time in the air 
was 60 houts, 13 minutes and 34 sec- 
onds, In reckoning his time, however, 
there must be added a period of eigh- 
teen hours in which he was on the 
ground between control stations 
changing his motor. 

Capt. Donaldson, a veteran filer of 
the war, «x eee ER KK is cred: 


ited with two world’s records estah- 
lished in the flight: One for covering 
the 56,400 miles at an average speci 
of 108 miles an hour, and the other], 
for making a single day’s flight of 8231, 
miles, accomplished last Saturday 
when he fiew from Rock Island, Ill., 
to Binghamton, N. Y. 
Engine Works Like Clock. 

Besides these records Capt. Donald- 
60n also has the distinction of being 
the only aviator to make the flight 
with the same motor, which was still 
in perfect working condition at the 
finish, The engine worked like a 
clock at all times, and it was not even |p 
necessary to change a spark plug. « « 


_ EVENING SUN N'Y. 
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In this paper the authors first briefly describe the method em- 
played by the Radio Development Section of the War Department 
in testing air fans used for driving the electric generators usually 
installed on airplanes for radio communication. They next discuss 
at some length the various types of air fans used during the war 
and present numerous photographs and curves clearly illustrating 
the construction of the fans and their operating characteristics. 
The difficulty of the problem lay in designing a fan which would 
turn at constant speed in the air streams of widely varying speed 
set up by the airplane in flight. The various types of fans tested 
were: Fixed-blade fans of special blade shape; fixed-blade fans 
with wind brakes centrifugally regulated; fixed-blade fans using 
a friction clutch or a friction brake centrifugally regulated, and 
pivoted-blade fans in which the pitch is centrifugally regulated. 


During the war extensive use was made of radio telegraph 
and telephone apparatus on military airplanes, and the prob- 
leu of power supply for such equipment received a great deal 
of attention. The possible sources of energy may be listed as 
follows: 

a Storage batteries or dry batteries. 

b Generators driven from the airplane engine, with or with- 
out floating storage batteries, and supplying the radio sets 
directly or through dynamotors. 

ec Generators driven by separate gasoline engines. 

d Generators driven by air fans or “ windmills” placed in 
the air stream outside the airplane fuselage. 

From an economical point of view, method b is preferable. 
It was seriously considered, but since it involved cooperation 
between organizations normally operating independently its 
adoption was delayed. Meanwhile the practice in our army 
followed that of our Allies, principally the #rench, in the use 
of method d, mounting the generator outside the airplane 
fuselage and driving it with an air fan. 

The work done on the development of air fans for this ser- 
vice was carried out by the Radio Development Section of the 
Signal Corps, and since it was done under the press of mili- 
tary necessily it was directed entirely by utilitarian consid- 
erations, was often fragmentary, and neglected investigations, 
the need of which was realized but for which time and per- 
sonnel were not available. This record is presented with the 
work still in unfinished form in the hope that results obtained 
may be useful to those who may have oceasion to carry out 
further investigations on the problem. 


Conditions for Which the Air Fans Were Designed 
Two sizes of generators were to be driven by the air fans it 
was desired to develop. The essential data on these are as 
follows: 


Generator Generator 
for Radio for Radio 
Telegraph Sets. Telephone Sets. 
Generator diameter, in......... vod 6% 4 15/,, 
Generator output, watts...........+. 200 80 
Required power from fan, watts..... 330 250 
Norma] speed, r.P.M......++2.eeeeeee 4500 4000 


Methods of Test 


Practically all of the tests recorded in this paper were made 
with the wind tunnel of the Bureau of Standards, and the 
management and personnel of the Bureau aided materially in 
expediting them. A special testing generator was mounted in 
the wind tunnel and the fan to be tested was attached to it. 
This generator was provided with a magnetic tachometer, a 
separately excited field, and convenient means for applying 
load to the armature cireuit. The external shape and size of 
the machine were made identical with those of the radio gen- 
erators, with which the air fans were to operate in service, 
and with this generator and the regular wind-tunnel equip- 

. ment for measuring wind velocity, tests could be made rapidly 
and accurately. 

All of the air fans considered in this development have 





By courtesy of the American Society of Mechanical Engineers. 
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normal speeds of 4,000 r.p.m., or above, and the centrifugal 
forees are very considerable. It was therefore found neces- 
sary to provide an overspeed test to precede the wind tunnel 
test. For this purpose a 30-hp. motor operating through a 

















Fic. 1. Pre-War Air Fans 


43-to-3 De Laval speed-increasing gear to a suitable shaft ex- 
tension for the fan was set up. This device was capable of 
driving the air fans at speeds up to 14,000 r.p.m., and to 
prevent damage to gears or bearings in case of failure of the 
fan a “ weakest point” was provided by a replaceable notched 
shaft extension. Failure at this point merely resulted in the 
breaking of the replaceable shaft extension and of course the 
destruction of the fan, without injury to bearings or gears. 
Heavy guards prevented the flying fragments from causing 
any damage. This equipment was designed by Capt. F. E. 
Pernot, Officer in Charge of the Signal Corps Laboratories at 
the Bureau of Standards. There is one serious objection, 
however, to this method of over-speed testing in that it ab- 
sorbs a large amount of power and puts abnormal thrust 
strains on the fans. A baffle to prevent air flow materially 
reduced this effect and later experience indicated that it would 
have been preferable to make the overspeed test in a very 
simple auxiliary wind tunnel with an aperture just large 
enough to drive the unloaded fans at the speed desired. Never- 
theless, the apparatus just deseribed was used in all tests dis- 
eussed in this paper. 

In cases where the strength of a fan was problematical it 
was first given an overspeed test only slightly in excess of the 
running speed expected in the wind tunnel. After the wind- 
tunnel test it was again tested to the required overspeed or to 
destruetion. The best fans were required to withstand up to 
practically double normal speed. 


Simple Non-Regulating Air Fans 


As in all power plant problems, the ideal in this develop- 
ment was a constant-speed drive for the radio generator. 
When the development began the only air fans available were 
non-regulating wooden fans such as those illustrated in Fig. 1. 
These fans have the characteristic that rotational speed is 
practically proportional to air speed, and when combined 
with the normal variations in the speed of the airplanes this 
fact leads to very severe requirements for tle generator. As 
an example, a generator which would give satisfactory per- 
formance at 3,750 r.p.m. was required to withstand an over- 
speed test of 14,000 r.p.m. for mechanical performance aid, 
with the addition of a very special regulating device, to nold 
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its voltage within 15 per cent at speeds from 4,000 to 12,000 
r.p.m. 

Although the need for better air fans was obvious, the non- 
regulating types had to be used until others could be devel- 
oped, and a considerable amount of work was done in adapt- 
ing them to the particular requirements to be met. Fig. 2 
shows the construction of one of the final forms used with 
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Fig. 2. Type FA-3, Non-Reeuuatine Air Fan, ror Rapio- 


TELEPHONE GENERATORS 


generators for radio-telephone sets, and Fig. 3 its perform- 
ance in the wind tunnel. Figs. 4 and 5 give similar informa- 
tion on a larger size fixed-blade fan used for radio-telegraph 
sets. Fig. 5 also gives an idea of the variation in individual 
fans supposed to be identical. Considerable trouble was ex- 
perienced with these fans, due to the fact that the method 
for ealculating air fans was assumed to be the same as that 
used for propellers. 

Obviously it is desirable to establish the correct method of 
calculating these fans, but the pressure of more important 
work prevented its being undertaken by the Radio Develop- 
ment Section. The subject, however, was given much atten- 
tion by Mr. E. N. Fales, of the Airplane Engineering Depart- 
ment, Bureau of Aircraft Production of the Army, who 
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Fig. 3. URVES OF Type FA-3 Air Fan 


PERFORMANCE ( 
(Diam., 15 in.; piteh, 2.1 ft.) 


assisted the Section very materially during the early stages of 
the development described in this paper, and it is hoped he 
will publish his conclusions. 


Regulating Air Fans 


No one can work with simple air fans without being im- 
pressed with the desirability and apparent simplicity of mod- 
ifying them so that instead of the straight-line relation between 
air speed and speed of rotation there will be more or less 
‘tendency toward constant rotational speed with varying air 
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speed. Among the disadvantages which may be corrected by 
making the air fans self-regulating are the following: 

a Undue head resistance. 

b Excessive centrifugal stress in armature windings. 

e Vibration. 

dad Commutator and bearing troubles. 

e Troubles with voltage regulators. 

f Troubles in radio sets due to varying voltage. 

During the progress of this development a great many 
schemes for the construction of self-regulating fans were pro- 
posed. As all previous experiences led to the conclusion that 
the performance of a fan could not be predicted with any 

















Fig. 4. Type FA-6 Non-ReGuuatinc Arr FAN For Rapio- 


TELEGRAPH GENERATORS 


degree of accufacy, every reasonable suggestion was carefully 
considered and if possible tried out. Fundamentally all the 
fans tested may be classified under five principles of opera- 
tions, as follows: 

a Fixed-blade fans of special blade shape. 

b Fixed-blade fans with wind brakes centrifugally regulated. 

e Fixed-blade fans using a friction clutch centrifugally reg- 
ulated. 

d Fixed-blade fans using a friction blade centrifugally reg- 
ulated. 

e Pivoted-blade fans in which the pitch is centrifugally reg- 
ulated, 

Fixed-Blade Fans of Special Shape. Certain air fans sub- 
mitted to the Signal Corps were supposed to give speed regu- 
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(Diam., 20 in.; pitch, 1.75 ft.) 


Jation on the prineiple that the angle of attack and efficiency 
can be made to alter with the wind velocity in such a way 
that the ratio of wind velocity to r.p.m. need not be constant. 
Tests were made first on a series of blade sections and later 
on a fan, shown at the right in Fig 1, which was said to 
possess the regulating features in a marked degree. The con- 
clusion from these tests was that at no load the performance 
of properly designed fans tends to confirm the hopes of the 
designers, though the magnitude of the regulating effect is 
small; but under load, particularly varying load, it was im- 
possible to distinguish any improvement over the ordinary 
fixed-blade types of fans. Consequently this method was dis- 
carded as of no practical value. 

Fixed-Blade Fans with Wind Brakes. Fans of this type are 
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proyided with wings, pins or other projections which are 
normally enclosed in a recess in the blade, but which are 
caused by centrifugal force to emerge and so retard the rota- 
tion of the fan. They have the disadvantage of low efficiency 
and consequent high head resistance, but were considered 
worth trying. Fig. 6 shows various development models. 














Fig. 6. Frxep-Buape Fans with Winp BRAKES 


Round rods, rods with cloth and metal wings, flat strips, ete., 
were tried for the moving brake element. Many showed prac- 
tically no regulation of course, but others were reasonably 
promising. Among such was the type in which the brake arms 
were pivoted and moved out into the air by the action of 
centrifugal weights. Another interesting fan had the break 
arms actuated not by centrifugal force, but by the air pressure 
on a plate mounted in advance of the nose of the fan, and 
gave a curve in which, for a certain range, the r.p.m. actually 
decreased with increase in air velocity. 

The net conclusion from this research was that the wind- 
brake principle would give fairly good characteristics over a 














Fic. 7. Type FA-4-A, Varrasie-PitcH Air FAN 


limited range of air speed, and with further refinement it 
might have been worth putting into production. However, 
that stage was never reached, due to the work on the pivoted 
blade type of fan described below. 

Friction-Clutch and Friction-Brake Fans. As in the types 
of regulating air fans diseussed above, the friction-clutch and 
friction-brake principles of operation are inherently objec- 
tonable on account of their low efficiency and consequent high 
head resistance. They offered a possible solution, however, 
and were tried out experimentally. In the friction-clutch type 
of fan the fan hub is capable of free rotation about the shaft 
of the generator, which it drives through a friction clutch. 
The clutch is released by the action of centrifugal weights 
when the speed passes the predetermined maximum, permit- 
ting the fan to run at higher speed than the driven shaft of 
the generator. The curve of this fan was satisfactory for the 
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first model, but the heating due to slipping of the elutch at 
high velocities was too great to permit the use of the fan in 
practice and the development was abandoned. 

In the friction-brake type of fan the fan is keyed to the 
generator shaft and is prevented from exceeding normal speed 
by a brakeshoe operated by a centrifugal weight and bearing 
on a plate attached to the generator frame. This also was 
tried and gave results essentially similar to those obtained 
with the eluteh type. With the very considerable variation in 
air speed met with on airplanes, the friction devices generated 
so much heat that their use was impossible. 

Variable-Pitch Air Fans. The ideal principle for the de- 
sign of a regulating air fan is that of varying the pitch of the 
blades to correspond to the variation in air speed; this prin- 
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PERFORMANCE CuRVES OF Type FA-4-A Arr FAn 
(Diam. 20 in.; pitch variable) 


Fig. 8. 


ciple is by no means new, having been considered in a variety 
of forms for propellers for a number of years. The great 
difficulty in actual construction has been that the mechanical 
strength necessary to withstand the very high centrifugal 
forces and the delicacy of operation necessary for close regu- 
lation are very hard to combine. 

This objection does not apply so foreibly to fans using very 
thin blades which are expected to warp under centrifugal 
action to change the pitch and a few samples which it was 
hoped would operate on this principle were tested. They 
were unsuccessful principally on account of mechanical con- 
struction and improved samples were never made up. The 
method is in any ease of doubtful utility, since it ean probably 
take care of only limited variations in speed, whereas the 
pivoted blade fans are capable of regulating over the widest 
variations in air speed likely to be met with in airplane 
practice. 

Pivoted-Blade Air Fans. The earliest pivoted-blade fan to 
come to the attention of the Radio Development Section was 
made by the Sperry Gyroscope Company, but it proved un- 
successful, due to mechanical weakness. It was, however, the 
forerunner of very successful fans and serves to illustrate the 
general principle on which all operate. The blades are mounted 
on bearings and are capable of rotating through a consider- 
able angle. Centrifugal weights are mounted on arms at- 














Fic. 9. Type FA-8 Variasie-Pitcn Arr Fan, SINGLE-BLADE, 
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tached to these blades and tend to turn them in the proper 
direction to increase the pitch. A resisting spring and neces- 
sary hub complete the mechanism. 

The first model to perform satisfactorily was designed by 
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Mr. Thomas Slate, of the American Mechanical Improvement 
Company, of Washington, D. C. The very great improve- 
ment over the fixed-blade fans then in use made the produc- 
tion of this fan highly desirable, and it was undertaken at 
once under purchase specifications as follows: 


Cpetating air-speed limits.............. 45 to 300 m.p.h 
SNE SUES. 6 on nba eases cage eectass 4500 r.p.m. 
Speed variation less than.............. Pius or minus 4%. 
ee a ee nee 8000 r.p.m. 


It was, of course, realized that this fan was by no means in 
its final form, and work toward improving it and providing 
new sources of production was carried on as rapidly as pos- 
sible. One of the objections to the original design was that 
the particular mechanism used caused the centrifugal force 
to inerease as the sine of twice the angle, while the spring 
restraining force increased according to a straight-line rela- 
tion. In the second successful design this was corrected by 
the use of a special linkage between spring and blade, which 
modified the curve of spring resistance to fit that of the cen- 
trifugal weight. Fig. 7 shows one of these fans and Fig. 8 
its performance. In this, as in many other cases of radio 
development work, the design was conceived and outlined by 
the Signal Corps engineers and the details worked out at once 
by the manufacturer (in this case the American Propeller and 
Manufacturing Company) in a form ready for immediate 
production. 

The third successful design of variable-pitech air fan was the 
work of Mr. Pinaud, of the Des Lauriers Aircraft Corpora- 
tion, and differs very radically from those previously 
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deseribed. It uses only one blade and its principal advantage 
is that by ingenious counterbalancing practically all strain is 
taken off the bearings, whereas in other forms the thrust bear- 
ings must carry a very considerable load—both radial and 
thrust—due to the high speed of rotation and the unbalanced 
designs of the blades. Friction, of course, results in consid- 
erable “lag” in the performance of the fan. The mechanical 
construction of the Pinaud fan is also a considerable improve- 
ment over its predecessors in simplicity and ease of manu- 
facture. Figs. 9 and 10 show its construction and perform- 
ance. 


Head-Resistance Tests 


A demonstration of the value of the regulating air fans in 
reducing head resistance was made by the direct test of a 


complete radio-telegraph transmitting set in the wind tunnel. - 


A run was first made with the set equipped with a fan hub 
and nose cap, but no blades; then a second run was made with 
a fan operating normally with the generator both loaded and 
running light, and finally a third run was made with the fan 
blades locked at several values of pitch. The results of these 
tests are shown in Fig. 11, from which the following conclu- 
sions may be drawn: 

The head resistance of the set fully loaded in an air stream 
of 75 miles per hour is 6.5 lb. At this air speed the resist- 
ance of the blades alone equals the resistance of the body, 
after which the resistance of the blades remain nearly con- 
stant, while that of the body increases as the square of the air 
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speed. The body alone has 5 Ib. head resistance at an air 
speed of 90 miles per hour, and at the usual ratio ¥% h.p. from 
the engine per lb. of head resistance, this requires 0.36 h.p. 
from the engine. On a basis of 20 Ib. in the fuselage per h.p. 
from the engine, the set would weigh 13 Ib. more than it now 
does and still be no more load on the engine, provided it was 
mounted in the fuselage and obtained its power directly from 
the engine. This emphasizes the desirability already men- 
tioned of obtaining all electric power by direct drive from 
the engine rather than from air fans where it is possible to 
do so. 
Airfoil Tests on Blades for Regulating Air Fans 


In designing blades for regulating air fans the effect of wind 
pressure in producing torque around the blade axis has been 
questioned, and obviously such an effect might seriously inter- 
fere with the performance of the fan. To obtain data on this 


‘point tests were made on blades from a fan of the type shown 


in Fig. 7, using an airfoil balance. 
The results thus obtained show that. this effect is negligible 
so far as practical designing is concerned. 
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The Fate of the R-38 


On Oct. 22, in the House of Commons, Lieut.-Col. Moore- 
Brabazon asked whether Great Britain had made any arrange- 
ments with the American government for the building of a 
rigid airship in England for the United States Navy. 

Major-General Seely, Under-Secretary of State for Air 
replied: Arrangements have been made between the United 
States Navy and the Air Ministry by which the Airship R-38 
embodying the newest features in design and construction will 
be completed without.delay. The vessel will be handed over 
to United States Naval personnel on completion, and will pro- 
ceed to America with her American crew as soon as the shed 
to house her is ready. 





French Practice in Airship Construction 
Abstract by John Jay Ide, Lt. (j.g.), U. S. N. R. F. 


Specification fur Seams of Envelopes—Envelope fabric over- 
laps ¥% in. at scams. Siitching is in two rows % in. apart, 
seven or eight stitches to the inch. The shuttle stitch is used. 

One single-ply fabric strip 14% in. wide of same color as 
exterior of envelope is cemented over exterior seam. 

One single-ply raw white linen strip 14g in. wide is cemented 
over interior seam. The strip is coated with unvuleanized 
rubber on the side next to seam. Over this is cemented another 
strip 11% in. wide of single-ply fabric. This is rubberized on 
the gas side. 

In kite balloons only one interior strip is used, but this is 
of 2-in. width. The envelope fabric overlaps 4% in. instead of 
14 in. The two rows of stitching, however, remain 4 in. apart. 


Atmosphere side of envelope 


Outer seam cover strip Stifches under strep ~ 


— = Cement . 


Emvelope fabric, 

EE biessed 

2772 ee et 

SLPOOA Ad OPIOLIIL IL 

a Inner seam cover Hrip 
Liney strip 


“Gas side of envelope 


Fig. 1. Sketcu or SEAM 

Each covering strip has its warp and weft, parallel and per- 
pendicular, respectively, to its length, whereas the envelope has 
biased warp and weft. (See Fig. 1.) 

Precautions Taken Against Explosion When Filling Dirigi- 
bles—Following are instructions used for inflating airships: 

Do not allow pressure of balloon to drop below three-tenths 
of an inch (difference between the two levels of manometer). 

After the hydrogen cylinders are connected to the balloon 
through copper tubes, manifold and inflation lead, observe 
the following order of operations to empty the cylinders: 
First. Open the valves on the manifold branches. Second. 
Open the main manifold valve. Third. Open the valves on the 
gas cylinders. 

After cylinders are considered to be empty wait two minutes, 
and then: First. Shut the main manifold valve. Second. 
Shut the valves on the manifold branches. Third. Shut the 
valves on the gas cylinders. Do not touch anything else. 

If the pressure drops below three-tenths of an inch, empty 
at first three cylinders. If the pressure continues to fall, 
empty the other three cylinders. 

The objects of the precautions taken in filling dirigibles are: 
(a) Avoidance of combination of air and hydrogen to prevent 
explosive mixture and to avoid the reduced lift of gas mixed 
with air. (b) Elimination of fire hazard. 

These objects are attained by: 1. General plant layout. 2. 
Design of inflating lead and connections. 3. Design of mani- 
fold and connections. 4. Procedure with dirigible envelope. 5. 
Procedure with fabric inflating lead and connections. 6. Pro- 
cedure with compressed hydrogen cylinders. 7. Electric lights 
and switches. 8. Conduct of personnel. 9. Fire-quenching 
means. 


inf laTion 
6” diam 


Fabric 
Tube 


‘Sheet metal unter Bell mouth 15 Tube 


Circumferential weld 
Fig. 2. Sxketcu or UNION 


As to general layout there are two French schools of prac- 


tice. In one the manifold is placed at a distance from the 


hangar, the fabric-filling tube being from 150 to 300 ft. long. 
The idea is that in ease of fire at the manifold the fire may 
not reach the hangar and dirigible. In the other school the 
filling tube is as short as possible, on the theory that with 
proper precautions fire hazard is eliminated and that a long 
filling tube is likely to take in more air (at connections, ete.) 
than a short tube. In either case the manifold is placed outside 
the hangar. 

The fabric inflating lead is about 6 in, in diameter and very 
slightly bell-mouthed at the ends where attached to connections. 
Only one inflating lead is used. Unions are slightly tapered 
so that the flared mouths of the inflating lead fit over them 
snugly and are in tight contact with each union for a couple 
of inches of length. (See Fig. 2.) 

The manifold, of the simplest possible type, is of solid cast 
brass or bronze with six branches. The inside diameter is 
about 0.8 in. The dead end of the manifold should be solid, 
not a mechanical or welded joint. The inflation tube end should 
have the slightly tapered shape described for unions. This end 
of the manifold is provided with a simple, but positive, main 
valve. Each of the six manifold branches and each hydrogen 
cylinder is provided with a valve smaller than that on the 
manifold but of similar design. Small, pliable copper tubes 
(0.16 to 0.2 in. side diameter) connect the manifold branches, 
through suitable unions, with the hydrogen cylinders. 

The envelope is flattened out as much as possible before 
inflation so that there is no residual air. 

After the inflation tube has been connected up it is flattened 
as much as possible. The tube should never be connected with 
a fold in it, as hydrogen would escape through the crevices 
(adding to the fire hazard), or air would be admitted by means 
of injector action and diffusion, lessening the lift of the dirigi- 
ble. (See Fig. 3.) 

«Prior to inflation, during a stoppage thereof, or after com- 
pletion, the inflation tube is left connected, but should be 
tightly tied up at appendix and manifold. 


Exa 95 ersted 
fold 


Fic. 3. Skercu or Derect:, CONNECTION 

The hydrogen cylinder valves are never opened, except when 
attached to tubes connecting with manifold. If they were 
opened, the escaping hydrogen, expanding, would have a re- 
frigerating effect, perhaps producing atmospheric electricity. 
It should be emphasized that- when cylinders are empty their 
valves must be closed, and remain so to avoid presence of air 
on refill of cylinders. 

The hangar is illuminated by incandescent electric lights pro- 
tected against fire hazard in the most approved way. All 
switches and keys to the lights should be outside the main 
hangar hall, separated therefrom by a wall. 

The usual precautions such as non-smoking, non-carriage of 
matches, ete., are observed by those working in the hangar. 
In addition, it is desirable that electrie flashlights be turned 
on and off outside the hangar. If not, the flashlight must be 
held in the pocket while being turned on and off. 

Open bags of dry sand are placed next to the inflation tube 
at its junction with the manifold and its entrance to the hangar. 
In ease of fire or other accident the bag ean be placed directly 
on the tube, thus flattening it and shutting off the gas flow; 
also dry sand is an excellent fire-quenching means. 

Precautions Against Sparks from Atmospheric Electricity 
and Radio.—All metal parts of the radio equipment are sep- 
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3A. The Valentine crew Valsparring the rear 





able demonstration of Valspar as the supreme a i‘ a 

Varnish for seaplanes. ol wy o propeller cf the R-34. 

2. Vought VE-7— Major Schroeder stated that Ae 2 Kean sini 4. Lawson Airliner—Mr. Lawson said: ‘Valspar 
Valspar played an important part in his winning played no small part in the success of this giant 
the New York-Toronto Air Derby. f : : airliner. 


5. The Valentine ship making the first commercial 


“3. The R-34 —Propellers varnished with Vals, 
: _ delivery of varnish—New York to Allentown, Pa. 


by order of Major Scott, her commander. 


The world’s famous aircraft are Valsparred 
“| oma te he 2 the great war, Valspar saw service as the 


varnish for the airplanes of America and the Allied Govern- 
ments. During the past year the activities of peace have pro- 
duced many notable aerial achievements, in all of which 
Valspar has played an. important part. 


Valspar’s toughness, elasticity and waterproofness have made 
good in every trial of war and peace. It is the one varnish 
that can be absolutely depended upon under all conditions of 
alr service. 
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f VALENTINE & COMPANY 1 
fl VALE NTIN E’S f 456 Fourth Avenue, N. Y. 0] 
fi Largest Manufacturers of High-grade Varnishes in the World fi) 
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arated from the bag by a distance of from 3 to 6 ft.; where 
attached to the bag they are suspended by cords of vegetable 
fiber giving such a gap. 

Metal parts used inside the balloon, as in valves, ete., are so 
designed that no intermittent contacts are made. There must 
be no gaps between metal parts across which an electric charge 
could be transferred. The parts of metal hinges, for instance, 
must be in continuously good electrical contact, if they are in 
contact at all. 

These precautions are laid down by the constructor of the 
airship. Other precautions are preseribed by the radio author- 
ities. 

Suspended vs. Diaphragm Type of Ballonet—The latter type 
is preferable. 

Objections to suspended type: 

(1) The ballonet tends to tear at point of suspension, there- 
fore it must be made of heavier material than the diaphragm 
type. 

(2) Repair of the ballonet is difficult, as its upper part can- 
not be reached by a man inside. 

(3) The suspension system tends to deform the top of the 
main envelope. 

Advantages of diaphragm type: 

(1) There is no tendency to tear, therefore a light fabric 
may be used. 

(2) Repair is a simple matter. 

(3) There is no deformation of main envelope. 

(4) There is less diffusion surface, hence less material and 
again a lighter ballonet. 

(5) When empty, the thickness of two fabries at the bottom 
of the envelope is interposed between the gas and atmosphere. 

To prevent the shifting of the ballonet longitudinally a sys- 
tem of cord stays is used. 

In the case of long ballonets, transverse non-rubberized silk 
curtains perforated with 1-in. holes are used. These curtains 
are attached at the top of the ballonet, but are free at the bot- 
tom. They do not impede the even distribution of air into all 
compartments of the ballonet on its change of volume; but they 
are effective in preventing surge of the air mass. 

Sand vs. Water as Ballast—Water is preferable as ballast 
for the reason that sand is very likely to get into the motor and 
other apparatus, with a possibility of serious damage. 

To the objection that water may freeze, it may be replied 
that a great part of the time airships do not operate under 
conditions where this may take place. If the airship does go 
into freezing weather or altitudes, wood aleohol or glycerine 
may be put into the water to lower its freezing point. Salt 
should never be used on account of destruction of fabric, ete. 

Even sand, however, is preferable to lead or other solid bal- 
last on account of damage done to the terrain by the latter. 
This, of course, does not apply to bombs as ballast when over 
enemy terrain. 

Necessity for Independent Blower Unit—An independent 
blower unit is considered necessary for a small airship, as addi- 
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tional air may be needed when the balloon is drifting, when 
neither a main motor take-off nor a ventilator system can 
be used. 

A 2 to 4 hp. gasoline blower engine is recommended for a 
small airship. In addition, there should be a ventilating funnel 
and tube, the flared mouth of which is just abaft the main 
propeller tip and preferably under the car. 

For an airship of about 250,000 eu. ft. the main power plant 
should be in two or four units. Each of these units should be 
provided with a take-off, clutch and blower, to insure reliabil- 
ity.—Aircraft Technical Note. Bureau of Construction and 
Repair, Navy Department. 


Air Mail Record 


All load-carrying air plane records for the postal mail service 
were broken on Dee. 2 when a twin-motor De Haviland 4 plane 
devised by and manufactured for the Post Office Department, 
covered the distance between the air mail field at Washington 
and that at Belmont Park, New York—a distance of 218 miles 
in 1 hour, 34 minutes, with a mail load of nearly 30,000 letters 
weighing 630 pounds. The speed was at the rate of 138 miles 
an hour. The best previous record was on Sept. 19, when a 
single motor De Haviland carried 300 pounds of mail from 
Washington to New York at a speed of 123 miles per hour 
and the third best record was on October 1 when a Curtiss 
plane carried 348 pounds from New York to Washington at a 
speed of 118 miles per hour. 

The twin-motor De Haviland today was piloted by Samuel 
C. Eaton, Jr., of Philadelphia, Pa., and left College Park at 
il A. M. arriving at Belmont Park at 12.34 P. M. The time 
of flight included two eircles around the field for altitude 
before setting out on his course and was the first trip made by 
the plane in a regular carrying of the mail. This plane is per- 
haps the only twin-motored plane built in the United States 
which not only maintains the altitude under full load with one 
engine but actually climbs on one engine. In the opinion of 


the postal authorities it is the greatest forward step made in 
the development of a small weight-carrying plane. It eliminates 
the fire hazard by having the engines in the wings and away 


from the gasoline supplies and also it minimizes danger to the 
pilot for the same reason. The twin-motor De Haviland is a 
distinctive product of the postal service being outlined 
personally by the Second Assistant Postmaster General Otto 
Praeger, The details of construction were worked out by Mr. 
A. H. Flint, College Point, N. Y. 

The plane will enable the Department to salvage several 
hundred thousands of dollars worth of De Haviland 4 war 
planes and parts as well as Liberty motors, the power plant 
being two six-cylinder Libertys of 200 hp. each which can be 
constructed almost entirely out of one 12-cylinder, 400 hp. 
Liberty. The plane can earry nearly double the mail load 
that is earried by the single motor De Haviland. 





























New Caproni, 7 PasseNGeER THREE Mororep Cross Country AIRPLANE 
(C) Underwood and Underwood 






























December 1, 1919 AVIATION 403 





THE HOME tonesvy NEW YORK 


ELBRIDGE G. SNOW, President 
Home Office: 56 Cedar St., New York 


AIRCRAFT INSURANCE 


Against the Following Risks 


FIRE AND TRANSPORTATION. 

THEFT (Of the machine or any of its parts). 

COLLISION (Damage sustained to the plane itself). 
PROPERTY DAMAGE (Damage to the property of others). 


SPECIAL HAZARDS 


Windstorm, Cyclone, Tornado—Passenger Carrying Permit—Stranding and Sinking Clause—Demonstration Permit— 
Instruction Permit 


YN 


AGENTS IN CITIES, TOWNS AND VILLAGES THROUGHOUT THE UNITED STATES AND ITS POSSESSIONS, 
AND IN CANADA, MEXICO, CUBA, PORTO RICO AND CENTRAL AMERICA 


Aircraft, Automobile, Fire and Lightning, Explosion, Hail, Marine (Inland and Ocean), Parcel Post, Profits and Commis- 
sions, Registered Mail, Rents, Rental Values, Riot and Civil Commotion, Sprinkler Leakage, Tourists’ Bag- 
gage, Use and Occupancy, Windstorm 


STRENGTH REPUTATION SERVICE 








WE HAVE NO MORE USED CANADIAN TRAINING PLANES 


the 350 Canadian Training Planes purchased from the Imperial 
Munitions Board of Great Britain have been disposed of 


the unprecedented demand for these “ Canucks” by pilots who use 
them for commercial purposes exhausted our supply much earlier 
than we anticipated 


a few practically new Canadian Training Planes have been released 
for sale and are now ready for immediate delivery 


the fuselages, wings, landing gears, etc., are new and the OX-5 
engines have been completely overhauled and are guaranteed 


the price is $3000 f.o.b. Toronto 


United Aircraft Engineering Corporation 


1018 So. WABASH AVENUE 
CHICAGO 





52 Vanderbilt Ave. 
NEW YORK CITY 
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Used on the new ‘“‘VOUGHT”’ Flying Boat 
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No Threads Required d | ' Simple to Operate 
Easily Removed The fe ressit Cap Easily Replaced 


The ideal closure for your RADIATOR or GAS TANK 


Fine for aeroplanes because of light weight and less resistance 


Price less than the ordinary cap and much neater in appearance 


U. S. METAL CAP & SEAL CO. 103-105-107 West 13th§St., New York 
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THOMAS- 
MORSE 


Tandem 
2- Seater, 
Type S-6 


Equipped with 
80 bh. p. 

Le Rhone 
Engine. 





High speed, 
105 M. P. H. 


Landing speed 
35 M. P. H. 


Climb 7,800 ft. 
in first ten 
minutes. 


























THOMAS ~MORSE AIRCRAFT CORPORATION 
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HALL-SCOTT 





Lieut.-Colonel E. J. Hall, upon the orders of th 
May 24th, 1919, was awarded 
designing of the Liberty engin 
also in pushing to completion 

The mere fact that Lieut.-Colonel Hall is again 
duction of Hall-Scott airplane engines, is a 
Hall-Scott standard, and second to none in 


the Distinguished Service Medal for excep 
e and subsequently in the adapting of th 
the American adaptation of the De-Havi 


uarantee to our respective 
e airplane market. 


HALL-SCOTT MOTOR CAR: COMPANY 
West Berkeley, California 







‘ 
Hall-Scott Type L6 Airplane Engines. 


e Secretary of War, as shown in War Department General 


tionally meritorious and conspicuous service rendered in the 
e LeRhone engine to the Ame 


can methods of production, and 
land plane. 


r company, taking an active interest in the design 
customers that they will receive a product entire 
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Orders No. 69, dated 


associated with ou and pro- 


ly up to 
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AIRPLANE ENGINES 


HAVE BEEN FLYING FOR TEN YEARS 
They are the product of skilled 


engineering and manufacturing 
experience running through 
three generations. 


Latest types are now available 


Sturtevant Model 5A—4\% Our new Catalog, No. 259, will interest you 


B. F. STURTEVANT COMPANY 
HYDE PARK, BOSTON, MASSACHUSETTS 


Members Manufacturers: ‘ 








a counterbalanced aviation 
crankshaft .... 


Patented July 10th, 1917 


one of the 18 different 

models we are now making 

for 14 aviation motor companies... . 
reduces vibration and eliminates bearing pressure 


We have shipped 46,637 Aviation Crankshafts to January 16, 1919 


THE PARK DROP FORGE CO. CLEVELAND, OHIO 
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ATLAS WHEELS 


Are daily gaining in favor 
with manufacturers and 
pilots of aircraft because: 


They Absorb Shocks 
They Are Stronger 
They Are More Reliable 








Standard Sizes Carried in Stock 








Inquiries and orders will 
receive prompt attention 








THE ATLAS WHEEL COMPANY 
Rockefeller Building 
CLEVELAND - OHIO 














AIRPLANE TACHOMETER 


‘‘ Best by Test”’ 


was designed especially for the United 
States Navy Department for use in the war. 


We supplied the Navy Department with 
large quantities of these instruments and 
their splendid record of service under all 
conditions as demonstrated by the famous 
Trans-Atlantic flight of the N C 1—N C 3— 
N C 4 where the JONES AIRPLANE TACH- 
OMETERS were standard equipment, has 
been highly commended by the Navy De- 
partment officials. 


The mechanism is of the centrifugal 
type; the dial is black with radium 
graduations and pointer, and is cali- 
brated in various speed ranges up to 
5000 R. P. M. 


JONES AIRPLANE TACHOMETER 


is the lightest instrument of any type 
yet produced, and is geared to be 
driven at cam shaft or engine speed 
without extra attachment. 


JONES HAND TACHOMETER 


Carry one and you can note 
R. P. M. quickly, easily and 
accurately, wherever you hap- 
pen to be. Invaluable about 
power plants, generating sta- 
tions, turbines, engines, shaft- 
ings. Aneat little instrument 
of precision, with uniformly 
spaced dial, ii handsome mo- 
rocco carrying case. 

Send today for a report of test by United States Bureau 
of Standards and our new booklet on tachometers. 


JONES MOTROLA, Inc. 
29 W. 35th Street New York 








CROSS SRRRAR SORA E EATON SE AREAS R EERE AT EAS Se) RRS DR aR BASSES PARR APR CSE RRPS ee 








Se ee 


JONES 





AVIATION 








THE ONLY 
SCREW HOLES 
IN THE WORLD y 





You drive the screw hole: with » hammer in any 
material 


The screw holes are made for wood screws or 
machine screws to fit all sizes of screws The head 
is removed and you leave » permanent screw hole. 








Once a Screw 
Hole, Always 
@ Screw Hole 











The Biggest 
WATERBURY, COMM. U S.A. 1 7 title Thing 
in the World 











Some of the Reasons Why Screw Holes Will Be Bought and Used and Not Become 
Dead Stock for Anyone 


— be used withour to 
1—They can Gamage receiving 


ontiey caste pon ve eantuties to wetd or op 

all material 

3~—They are made of brass and will not rust under 
atmospheric of moisture conditions. 

o-BEONONT Tiny eave eave Gime wales Gan te 


ay einen nothing ahd are paid for using 

ae 4, - F when you count time saved. 

6—Screw holes have been needed ever since the first 
screw was used 

7?—Special tools are NOT needed in using them in any 
material 


POP se Wo ee 
using screw holes, screws can be used in many 
es, and in man: © eet Sawe & it is impos- 

ible to use ccsewe without them. 
1o0—These are the only ready-made screw holes in the 


semi species guasne rews are needed. These screw holes 
any wood screw or machine screw now in stock. 
ME 8 a eee 
19~—Every store where screws are sold must carry 
them in stock, because the line of screws is not 
complete screw holes for them. 
to~-Seery Sup ond facteny eee conve are ond 
must also have these screw holes to fit the screws. 
is—They are endorsed by all dealers in crews and by 
all users of screws. 


6—Screw holes are entirely new and the world sup- 
ply is yet to be furni 
‘This is a progressive Old World of ours, and every 
1 eee in it must adopt all ~~ methods, 
and new articles that will help him keep in the 
front line of progress. 
tO= Se amany Se Gan fo stock op tn torew betes 
Dower eg 
ee Fae 
tory. as you begin to save money soon 


Siecas aon 
20—In spite of the high cost of brass, screw holes are 
yet cheap. 


—_— are letting the world know that screw holes 

now be secured, by means of extensive ad- 
rade Journals that 
rs in screws 


wertising in im all the principal T: 
have the largest circulation among 
as well as users of screws. 


22—Do not let your customer ask you for screw holes 
before you have them in stock. BE A LIVE WIRE. 


23—They make everlasting holes in any material. 

2q4—They mean “Plug-No-More™ screw holes. 

ot are the result of Necessity being The Mother 
of Igvention. 

26—Anyone who can drive a nail can use screw holes. 

27—Send for a sample and convince yourself. 

28—Mechanics who see them say, “What do you think 
of that?” 


29—In fact there are NO REASONS why screw holes 
should NOT be used. 


Each of these reasons are enough to sell Screw Holes. There are many other reasons. 


Write at once for our handsome Color Card showing screw holes in various materials which will be 
sent on request, together with samples and price list 
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—a guide to profit for everyone 
who has loads to be handled. 


You need this new Yale Chain Block 
book for the clear, complete, concise in- 
formation it contains on every angle of 
hoisting equipment. 


It gives you complete data on: 


ss Spur-Geared Chain Blocks 
ale Screw-Geared Chain Blocks 
Yue Differential Chain Blocks 
Yale Electric Wire Rope Heist 
Yale Electric Chain Hoist 
“Brown Hoist” Trolleys—Cranes 


The Yale hoisting equipment described 
in Catalog 19D speeds up production— 
with increased safety to the operator. 
The unusually complete-maintenance data 
is of special interest to present users. 


“From Hook-to-Hook 
a Line-of-Steel” 
Let us send you your copy. 


Ask your machinery supply house or 
wire for catalog on Yale Chain Blocks 
and Electric Hoists. 


For a Factory Locking Equipment 
Use a Yale Master-Key Syetem. 


The Yale & Towne Mfg. Co. 
9 East 40th Street New York City 












































SPRUCE 


LUMBER 





for 
Airplane Construction 


FOR twenty years we 
have been exclusive 
manufacturers of PACIF- 
IC COAST SPRUCE 
LUMBER. Our product 
is from the very best forests 
of SITKA SPRUCE. 


We solicit your inquiries 


MULTNOMAH LUMBER 
& BOX COMPANY 


PORTLAND 


OREGON 








Fahrig Anti-Friction Metal 


The Best Bearing Metal on the Market 
A Necessity for Aeroplane Service 


Fahrig Metal Quality has become a stand. 
ard for reliability. We specialize in thie 
one tin-copper alloy which has superior 
anti-friction qualities and great durability 
and is always uniform. 


When you see a speed or distance record 
broken by Aeroplane, Racing Automobile, 
Truck or Tractor Motor, you will find 
that Fahrig Metal Bearings were in that 


motor. 


FAHRIG METAL CO.,34 Commerce St.,N.Y. 
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For R.P.M. Readings 
During the Block Test 


Before installing or after overhauling 
motors, get their accurate “rev.’ ratings 
with the instantly applied 


Noedon VERY element of per- 
i fection in construction 
SPEED COUNTER pats nara and design is incorporated 


eS SPORTING in “Bristol” planes— 
TYPES 


the result of ten years 
r= highly specialized research 
and practical development. 


Press the tip of the Veeder against rear end of crank shaft —engaging 














. Inquiries 
the push-clutch the moment you start timing; releasing pressure 
when eager is up. The San ae or —- mens my van for territorial oe There is a “Bristol’’ for 
instantly, giving accurate R. P. M. readings without use of stop- inoil 
watch. Price, $3.50 your purpose. 








Veeder Counters are made for automatically recording 
the production of machines, and for hand-counting 


purposes, too. Write for the counter booklet 
WILLIAM G. RANELS 


The Veeder Mfg. Co. comeaea 


56 Sargeant St., Hartford, Conn. THE BRITISH & COLONIAL AEROPLANE CO., Ltd. 
; 512 Fifth Avenue : New York 























PROPELLERS 





Quartered Oak Laminated Construc- 
tion. Built up and shaped strictly in 
accordance with Government Draw- 
ings and Specifications. 


Not One Rejection By The 
Government 


WE CARRY IN STOCK 


For Hispano Suiza, J.N.6H. For Curtiss OX-5 Engine. 90 
No. 1 Engine. Dia. 8’ 6’. Horsepower. Diameter 8’. 
Pitch 5.76 @ 2/3 R. 150 HP. Pitch 5’. Copper Tipped 
Pig Skin or Copper Tips. only. Government Blue 
Govt. Blue Print 34889. Print 13706. 









Write for prices 


BUY THE BEST 


AMERICAN SASH & DOOR COMPANY 
KANSAS CITY, MO. 
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Aluminum Company of America 


General Sales Office, 2400 Oliver Building 
PITTSBURGH, PA. 


Producers of Aluminum 








Manufacturers of 


Electrical Conductors 


for Industrial, Railway and Commer- 
cial Power Distribution 

also 
Ingot, Sheet, Tubing, Rod, Rivets, 
Moulding, Extruded Shapes 

also 


Litot Aluminum Solders and F [ux 


CANADA 
Northern Aluminum Co., Ltd, Toronto 


ENGLAND 
Northern Aluminium Co., Ltd., London 


LATIN AMERICA 
Aluminum Co. of South America, Pittsburgh, Ps. 











FUEL LEVEL 
GAGES 


This cut shows our 
Model 51 Gage 
which is standard on 
practically all type 
of military training 
machines. 


Other types of gages 
in large quantities 
are “doing their 
bit” as part of the 
equipment of Eng- 
lish Government 
Warplanes. 


SPECIAL TYPES DESIGNED 
FOR YOUR ESPECIAL NEEDS 


BOSTON AUTO GAGE CO. 


8 WALTHAM STREET, BOSTON, MASS. 
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OEBLING 
AIRCRAFT WIRE 


STRAND AND CORD 
THIMBLES AND FERRULES 


Send for Catalogue 
JOHN A. ROEBLING’S SONS CO. 


Half of the 
American airmen 
have proved the 
Berling’s worth. 


Berling Magneto 


_ WORTH MORE MORE_ 








Muiessner Airfones 
and 


Simon Radio Apparatus 


for 
all aircraft uses 


EMIL J. SIMON 


217 Broadway New York City 








(\WEW ano USED AIRPLANES Aro MCTORS 


Offer, among others, the following Seaplanes and 
Flying Boats 
Curtiss JN4 Seaplane 
Thomas Seaplane 
Standard Seaplane 
Aeromarine Seaplane 
Curtiss Flying Boat 
Thomas Flying Boat 
USAC twin motored 4 passenger flying boat and others 
Land machines Aeronautical motors 
Tractor biplanes 30 to 300 HP. 
Send for lists “ AN” State your needs 


Oable Address: USAE, New York 
Long Distance Phone: Cortlandt 449 


“S.ALROLNCHANGEL iw york cr 
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QUALITY INSTRUMENTS For AIRPLANES 


Indicating Dial Type Thermometers for 
circulating oil and water. 
FOXBO RPO Airspeed Indicators to determine buoy- 
ancy and avoid stalling. 
i Oil Pressure Gauges 


Air Pressure Gauges 


The Foxboro line includes many other types of Indicating and Recording Instru- 
ments designed for all sorts of conditions and purposes. 


Bulletin No. BI-110 describes our Airplane Instruments. 


THE FOXBORO CO., Inc., FOXBORO, MASS., U. S.A 


New York Chicago Philadelphia Pittsburgh Peacock Bros. Montreal, Canada Birmingham San Francisco 

















The pioneer manufac- 


ture of airplane parts 
made from bar stock. 
Any and _ everything 


pertaining to the man- 





ufacture of airplanes. 


WORLD’S LARGEST 


Manufacturers of Die-Castings 


DOEHLER DIE-CASTING Co. 


BROOKLYN, NY. TOLEDO, OHIO. A. J. MEYER MANUFACTURING CO. 


oe le Ss ae a 819 John Street West Hoboken, N. J. 


Any Quantity 























“The Propeller That Beats Them All| | Flottorp Manufacturing Co. 
ae AIRCRAFT PROPELLERS 


Specially designed for Curtiss Airplanes, O. X. 5 Motors; it 
climbs 2000 ft. in five minutes with full load; it adds 10 miles 
per hour flying speed. Hundreds of them already in use. Some 
Airplanes are being fitted with three seats to utilize the enor- 
mous power of this propeller. These propellers are carried in 
stock; ready for immediate delivery. Price, $50.00 for plain 
tips; $70.00 with metal tips, F. O. B. 











Airplanes rebuilt; repaired; spare parts; supplies 213 Lyon St., Grand Rapids, Michigan 
JACUZZI BROTHERS 
1450 SAN PABLO AVENUE, BERKELEY, CALIFORNIA iinet Ma en Caines ns 


(Contractors of propellers for the United States Government) 


























FREDERICK W. BARKER — 
REGISTERED PATENT ATTORNEY AERONAUTICAL SOCIETY OF AMERICA 
° 4 FROM 1915 TO 1919 
2 RECTOR STREET NEW YORK 
Telephone 4174 Rector Over 30 Years in Practice : SPECIALTY: Patent Claims That Protect 








AIRPLANES——DEVELOPERS OF SPECIAL AIRCRAFT——SEAPLANES 


WITTEMANN-LEWIS AIRCRAFT COMPANY, Inc. 


NEWARK BUILDERS SINCE 1906 NEW JERSEY 
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BYVERY Liberty Aircraft 
Engine built is equipped 
with Zenith Liberty Carbure- 
tors—the reason is clear to 
Zenith users. 


Zenith Carburetor Co. 


NewYork DETROIT Chicago 
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LEARN TO FLY 


in old established school, under an instructor who has 
given instruction to more 


AMERICAN ACES 


than any other instructor. 


Army Training Planes Used. 
We Build Our Machines. 


PRINCETON FLYING CLUB, Princeton, N. J. 
WEST VIRGINIA AIRCRAFT CO., Wheeling, W. Va. 
DAYTONA FLYING CLUB (Winter), Daytona, Fla. 




















HARTSHORN STREAMLINE WIRES 
ASSEMBLED WITH HARTSHORN 
UNIVERSAL STRAP ENDS 

MAKE THE IDEAL AEROPLANE TIE RODS 


All streamline wires heat treated in process and produced 
by our carefully developed method of cold reverse rolling, 
will meet the most exacting tests. 


Send for our descriptive circular A-1, describing our wires and terminal fillings 


STEWART HARTSHORN CO. 
250 FIFTH AVENUE, NEW YORK 


—S 

















AIRPLANE INSURANCE 


FOR THE 
Manufacturer—Flyer 
Fire—Collision—Damage to Property of Others 
Legal Liability—Life—Personal Accident 


Conservative Rates—Best Companies 
PHONE—W RITE—WIRE 
HARRY M. SIMON 


Insurance Expert 


81 Fulton Street New York, N. Y. 


PHILBRIN 


DUPLEX IGNITION 


—with a second system to 
spur the motor to super-=service 


COMBI NES two separate and distinct systems in one—a Single 
Spark System, most economical of gas, and offering vastly 


increased power. A Secondary or High Frequency System 
which delivers to each cylinder a stream of a thousand sparks 
a second—overcomes abnormal conditions, such as foul spark 
plugs, poor fuel, poor carburetion, and cold cylinders—offers 
100% Assurance against ignition failure. 

Easy to install, moderate in price. Descriptive catalogues and 
our special sales proposition on request. 


PHILIPS-BRINTON COMPANY 
501 So. Broad Street Kennett Square, Pa. 














CAPITAL JIGS 
TOOLS 


“orinveR STAMPINGS vies 


E realize is air or et sea there should be se 

feulty material. All machine parts must be 

made right and perform their functions properly, 
hence we have equipped our new plant to turn out work 
of the highest quality. We offer our facilities to you 
and trust we may be of service. 


Will you give us @ trial? 


LANSING STAMPING & TOOL CO. 


LANSING, MICHIGAN 


CLASSIFIED ADVERTISING 


10 Cents a word, minimum charge $2.00, payable in advance. 
Address replies to box numbers, care AVIATION AND AERO- 
NAUTICAL ENGINEERING, 22 East 17th Street, New York. 

















FOR SALE—Two passenger Biplane, 36 ft. Wings, 7 bo Gnome 
Motor. All surfaces newly covered. Price $1500.00, best flying con- 
dition. C. H. Ruthorford, First & C. Sts., San Diego, Calif. 





WANTED—Partly or completely wrecked JN-4 machine to be 
used for demonstration purposes. Will accept in any condition. 
Address 1205 East 2nd St., Tulsa, Okla. 





FOR SALE—Farman Biplane 80 H. P. Renault air-cooled 
motor. Flown less than ten hours, fully equipped and in per- 
fect condition. Bargain to immediate purchaser. Address 
W. Wallace Kellett, 1 West 34th Street, New York City. 
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Micrograph of section of Lynite Piston, 
showing close-grained structure of metal. 


AVIATION 


Micrograph of section of piston made from 
same alloy but ,by sand-casting process. 


The Camera Doesn’t Lie 


To the eye, two aluminum alloy pistons may 
look just about alike, but put them under the 
searching gaze of the microscope and surprising 
differences are likely to appear. 


The illustrations above are 
micrographs of sections of two 
pistons, one made by the ordinary 
sand-casting method, the other by 
the permanent-mold process, used 
in making Lynite Pistons. 


The same alloy was used in 
each case and the sand-cast piston 
is probably better than average, 
yet it takes but a glance to see how 
much finer the grain and more 
closely knit the structure of the 
permanent-mold piston. 


The finer grained structure is 
due to the rapid cooling during 
solidification which results in a 
better dispersion of the copper alu- 
minum compound. This makes the 
piston wear much longer at every 
point, on the skirt, on the wrist-pin 
bosses and around the ring- 


grooves. Another operating ad- 
vantage of Lynite Pistons is free- 
dom from hard spots, eliminating 
danger of scratched cylinders. 


Lynite Pistons also have a 
number of advantages in manufac- 
turing. Less metal has to be re- 
moved in machining because thay 
can be cast to closer dimensions. 
Freedom from hard spots makes 
possible greater machining speed 
because less trouble is encountered 
with dulled tools and, further- 
more, fewer castings have to be 
rejected, 


Absence of blow-holes and di- 
mensional defects also play a con- 
siderable part in cutting down the 
number of scrapped pistons, re- 
ducing machining time and cost, 
and speeding up production, 


THE ALUMINUM CASTINGS COMPANY 
LYNITE and LYNUX Products 
General Office: 6205 Carnegie Avenue, Cleveland 
District Sales Offices: 
New York - 511 Fifth Ave. Detroit Jos. Campau and Dun Rd. 


Cleveland 6523 Euclid Ave. Chicago « - 


1640 Conway Bldg. 
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EL ERENT COT 


Rotanp Roxirs anp THE Curtiss **Wasp”’ 


“harthest Up” 


HE internationally famous Curtiss 

“Wasp Triplane established the world’s 
record on September 18 by attaining a height 
of 34,610 feet—more than six miles in the 
air, guided by Roland Rohlfs, test-pilot. 
‘“‘Farthest North” and “Farthest South’ have been 
attained by brave explorers, but “Farthest Up” mas- 
tery of the air—has constantly tempted human skill 
and courage. 
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Curtiss achievement has brought us “nearest the sun” 
of aircraft- perfection. The recognized safety and 
efficiency of Curtiss products result from the highest 
ideals and constant scientific efforts towards pe iieceinis. 
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CURTISS AEROPLANE and MOTOR CORPORATION 
Sales Offices: Room 1456, 52 Vanpersitt Avenue, New York 


COURODDAATELELAGE CLUDE eae 


Curtiss ENGINEERING CorPoRATION Tue Burcess Company 
Garpen Crry, L. I. MARBLEHEAD, Mass. 








Curtiss Fryinc Station or Atrtantic City, Inc., ATLANTIC City, New Jersey 
Gentlemen: Please mail me at once, your special Curtiss J N proposition— 


showing commercial uses. 


Name we 
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al =— Member Manufacturers’ 
= Aircraft Association 


City State , 153 
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